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ABSTRACT

The EULER1 Fortran program for computing one-dimensional

unsteady flow based on the QAZlD method of Verhoff was

extended to provide tracking and correcting of discontinui-

ties, flow to right or left and open and closed end boundary

conditions. The program was run on four shock tube test

cases to verify accuracy and range of capability of the

revised E1DV2 code. Further extensions and test verifica-

tions are recommended so that the code is suitable for wave

rotor applications.
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TABLE OF SYMBOLS

TEXT ElDV2 DEFINITION

A A Speed of Sound

*A Denotes the value of a variable at the
node to the left of a discontinuity,
can be any variable name

Ai/Aj AR The ratio of sound speed across a shock.
A/B (shock moving right), B/A (shock
moving left)

*B Denotes the value of a variable dt the
node to the right of a discontinuity

BDRY 3 denotes left boundary, 2 the right

boundary

*BD Variable at phantom node

CNTACT 3 digit variable denoting contact sur-
face location, direction of travel, and
if it crosses a node

COUNT Counter for graphics routines

CSDIR Contact surface direction, 2 to the
right, 3 to the left

CSRMN Riemann variable change across a contact
surface

D2 Density ratio at first node inside
boundary

DARRAY Array of density for plotting

DELAH Change in A from I to I+l

DELAL Change in A from I-I to I

DELQQH Change in QQ from I to I+l

DELQQL Change in QQ from 1-1 to

DELRRH Change in RR from I to I+l
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DELRRL Change in RR from I-i to I

DELSH Change in S from I to I+1

DELSL Change in S from I-I to I

6t DELT Time step

&tex DELTEX The excess time in a time step when the
shock is exactly at the solid wall

atwl DELTWL The time for the shock to reach the wall

DELQH Change in Q from I to I+1

DELQL Change in Q from I-1 to I

As DELX Interpolation distance (LMD+DELT)

P DENS Density

DLCD Density to the left of the contact
discontinuity in the exact solution

DLSH Density to the left of the shock in the
exact solution

DLTA** Prefix which indicates the spatial
change in ** for one time step

DQ The jump in velocity across the shock
divided by the sound speed at B (right)
or A (left)

DR The ratio of the density across a shock,

B/A (right), B/A (left)

DRI Initial density ratio across the diaphragm

EE Desired precision for characteristic
calculations

E(K) Actual error in characteristic slope
calculation

EREIMN The jump in QQ across the shock calcu-
lated analytically as a function of w

Y G Gamma (ratio of specific heats)
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GRAPHS For graphical output, 0 - none (tabular),
1 - plots all variables, 2 = compares
density with exact solution

GI 1/(G-1)

G2 2/(G-1)

H 1/(N-1)

HALT Terminates program if 2, set by condi-
tions not coded

INTEG(K) Result of integrating Z(K)

**INT Value of ** interpolated between nodes
on the current time level

12 Number of the node to the right of a
discontinuity

JSTOP Number of time levels to be calculated

LBDDR Left boundary density ratio

LBDDRI Left boundary density ratio at time zero

LBDPR Left boundary pressure ratio

LBDPRI °  Left boundary pressure ratio at time zero

LBDPRS Value of 0 denotes constant pressure at
left boundary, 1 denotes adjustable pres-
sure at the left boundary

LBDTR Left boundary temperature ratio

LBDTRI Left boundary temperature ratio at time
zero

LBNDRY Denotes left boundary condition, open or
closed

LMD(K) The characteristic trajectories in the
space-time plane (q+A, q-A, q)

LNODE Array of left most node to be corrected
in CORRCT

LWPRES Denotes which side of diaphragm has low
-pressure
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LXX Node defining the left interval

MREIMN The measured jump in QQ across the
shock, from A to B

N Number of Spacial Nodes (odd number)

ND Double precision value of N

NEW**(I) Stored values of ** for the next time
level

PARRAY Array of pressures for plotting

Pi/Pj PR The ratio of the pressure across a shock,
A/B (right), B/A (left)

P PRESS Pressure

PRI Initial pressure ratio across the diaphragm

PLTCNT Counter for graphics routines

0* *PRIM(K) Suffix which indicates the spatial
as derivative of * at the current time level

P2 Pressure ratio at first node inside

boundary

q Q Absolute fluid velocity

QARRAY Array of velocities for plotting

QLBD Initial velocity at left boundary

QLI Initial velocity 7eft of the diaphragm

QRBD Initial velocity at right boundary

QRI Initial velocity right of the diaphragm

Q QQ Q+A*S (extended Riemann variable)

RBDDR Right boundary density ratio

RBDDRI Initial right boundary density ratio

RBDPR Right boundary pressure ratio

A RBDPRI Initial right boundary pressure ratio
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RBDPRS Value of 0 denotes a constant pressure at
right boundary, while 1 is for adjustable
pressure

RBDTR Right boundary temperature ratio

RBDTRI Initial right boundary temperature ratio

RBNDRY Denotes right boundary open or closed

RNODE Array for right most node to be corrected
in CORRCT

R RR Q-A*S (extended Riemann variable)

RXX Node defining the right interval

S S Entropy

SAP Entropy to the left of the shock for
flows right or entropy to the right of
the C.S. for flows left

SARRAY Array of entropy for plotting

SAVG Average entropy

SBP Entropy to the right of the C.S. for
flows right or entropy to the left of
the shock for flows left

SHKDIR Shock direction of travel, 3 to the left,
2 to the right

SHOCK 3 digit variable denoting shock location,
direction of travel, and if it crosses a
node

SIGMA Spatial location of discontinuities
Sigma(L,J) where L indicates the type of
discontinuity and J indicates the time
level: 1--current level, 2--level being
calculated

SK Integer that denotes relative location of
shock near boundaries

SKIP Variable which indicates how many time
steps between calls to output routines

**STEP The change in time of ** at a node used
to step up to the next time level
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t T Time since initial conditions

T TEMP Temperature

TRI Initial temp, ratio across the diaphragm

TS Time for shock to travel one interval

T2 Temperature ratio at first node inside
boundary

uA UA Velocity relative to the shock, left side

uB  UB Velocity relative to the shock, right
side

VHEAD Velocity of the head of the expansion
wave for the exact solution

VCDE Velocity of the contact discontinuity
for the exact solution

VS VS The shock speed (positive right,
negative left)

VSE Velocity of the shock for the exact
solution

VTAIL Velocity of the tail of the expansion
wave for the exact solution

w W Mach no. relative to a standard shock

w Vector of the principle variables, Q,R,S

X X Location in spacial plane (I-l)*H

XARRAY Array of spatial positions for plotting

XEXACT Array of six X values for the exact
solution

XINIT Initial position of discontinuity for
exact solution plotting

X2 Location of node to right of discont.
along the spacial axis

Y (N+1)/2

YEXACT Array of six density values for the
exact solution
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Z Z(K) Vector of the right hand sides of the

governing equations

ASmall spatial change

6 Small change with respect to time

64 Flow angles with respect to reference
coordinate planes
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I. INTRODUCTION

The investigation of wave rotorsI and their possible

application in gas turbine engines at the Naval Postgraduate

School's (NPS) Turbopropulsion Laboratory prompted the

development of a one-dimensional unsteady flow computer

code. The QAZID method developed by Verhoff [Ref. 1] was

chosen over other methods [Ref. 2] for reasons which

included the following:

1. The method is based on the use of characteristics.
Such methods can model wave propagation accurately.

2. The use of a natural streamline coordinate system
eases the difficult task of computing with two and
three dimensional grids.

3. The equations are written in a form which allows a
straightforward extension to viscous flows.

Salacka [Ref. 2] verified the development of the equations

and implemented a one-dimensional Euler solution of the

-IThe wave rotor consists of simple tube-like passages
along and around the periphery of a drum which rotates
between end walls containing inlet and outlet (partial
admission) gas ports. Compression and expansion processes
are arranged to- occur in a cyclically periodic unsteady
process within the rotor such that a high pressure driver
gas is used to compress a low pressure driven gas. The
compressed driven gas is led from the outlet port to the
combustor and brought back into the rotor as the driver.
The expanded driver gas exits an outlet port. Thus the
rotor functions as both turbine and compressor with direct
gas-gas energy exchange through unsteady wave processes.
The technology of such devices requires the design of
appropriate cycles using one-dimensional calculations, and
analysis of the multi-dimensional unsteady flows such as
occur during port opening and closing.

18
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shock tube problem in the EULER1 code. The EULER1 code was

limited to high pressure set on the left, with flow and

shock velocities to the right. The shock wave was tracked

and corrected for in the flow, but the contact discontinuity

was not, and the expansion wave was not tracked. The code

also did not treat end boundary conditions.

The present work extended the EULER1 code of Salacka to

become the "Euler ID Version 2" or ElDV2 code which:

1) can handle both right and left traveling flow and
discontinuities

2) implements tracking and correction of the contact
discontinuity

3) implements tracking of the expansion wave

4) models closed wall and open end boundary conditions

5) models shock and contact surfaces within a grid
interval.

Section II and Appendix A describe the analysis underlying

the revisions. The Fortran code, ElDV2, is detailed in

Section III and Appendix C and graphical results of four

test cases to demonstrate the new features of the code are

given in Section IV. A discussion of these results and

limitations of the present code follow in Section V.

Conclusions and recommendations are made in Section VI.

Appendix B contains instructions to operate the code on the

NPS computer and the FORTRAN listing is included as Appendix

D.
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II. ANALYTICAL AND COMPUTATIONAL APPROACH

A. QAZID DESCRIPTION

The QAZID analysis and numerical solution scheme is an

explicit, non-conservative method that uses extended Riemann

variables to model the multi-dimensional Euler equations in

a natural streamline coordinate system. Table I lists a

summary of the applicable equations which are derived in

detail in [Ref. 2].

1. The Coordinate System

Figure 2.1 shows the natural streamline coordinate

system (s,n,m) relative to a fixed rectangular cartesian

system (x,y,z). The right-hand orthogonal system moves in

curvilinear translation along a streamline. The "s"

direction is measured in the direction of the flow, tangent

to the streamline. The "n" direction is perpendicular to

the s direction in a plane perpendicular to the x-z plane.

The "Im" direction is normal to the plane containing the n

and s directions. The angle p is the angle between the s-n

and x-y planes, and the angle 9 is the angle between the

velocity vector and the x-z plane in the s-n plane. Tn the

*one-dimensional problem treated here, the s direction is

such that velocity to the right is positive, and to the left

is negative. [Ref. l:p. 2]

52%0
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TABLE I

SUMMARY OF THE EULER EQUATIONS

Speed of sound A =(.)

Modified entropy dQR
change dS R (1.2)

so that

.S - ln(P/py) (1.3)

Extended Riemann
variables Q=q + AS (1.4)

R.= q - AS (1.5)

Euler Ecruations

+o q+A) 0 !- = aT-( -
atas 2 yj (q Y-l~ 1

Y-1 qAS [L + cos e 3 (1.6)

a+ qA) R -~j t-.S _ 2 +

+ 1-1qA S(2 e + cos 6 2±] (1.7)2 an am

;S +q LS(1.8)

at~ as

ae+ q Le A2  am1nP .)

at as =-yq 0se am (.0
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n streamline

z

Figure 2.1 The Natural Coordinate System

2. Extended Riemann Variables

The "Riemann Variables" in most publications are

defined as

R, q - 2

Y+1 )

and (2.1)

R2 = q + 2

where q is the velocity magnitude, A is the speed of sound,

and y is the ratio of the specific heat at constant pressure

to the specific heat at constant volume for a particular gas

22



[Ref. 3:p. 5]. Verhoff modified the definition to obtain

"Extended Riemann Variables," defined as

Q = q + AS (1.4)

R = q - AS (1.5)

where S is the modified entropy given in Table I [Ref. l:p.

2].

3. The Governing Equations

The Euler equations in Table I were developed in

detail [Ref. 2:Appendix A] from the equations for

conservation of mass, momentum, and energy for -a control

volume. The underlying assumptions comprise inviscid flow,

negligible body forces, no heat transfer, and a perfect gas.

These assumptions and the definition of modified entropy

were used in transforming the equations into a form suitable

for solution using the method of characteristics.

B. CHARACTERISTIC SOLUTION

Equations (1.6), (1.7), (1.8), (1.9) and (I.10) are a

system of slightly coupled quasi-one-dimensional partial

differential equations (PDE) with eigenvalues q+A, q, and q-

A. These equations can be rewritten along the characteris-

tics in the time-space domain to become ordinary

differential equations (ODE) which are solved by quadrature

and interpolation. The propagation of each characteristic

23



curve along its particular trajectory is expressed by the

respective ODE. [Ref. 1:p. 1]

Each in the system of equations is in the form

. = z (2.2)
,3t 3s

If w = w(s,t) it is shown by Salacka [Ref. 2:pp. 20-23] that

ds (2.3)
dt

and

cw (2.4)
dt

where A describes the characteristic curve along which w

changes.

In this section the solution of the 3D Euler equations

given in Table I is described. The computer code developed

in the present work, however, was for the ID case wherein

equations (1.9) and (1.10) are not required, and only the

three remaining equations (1.6), (1.7), and (1.8) are

considered.

Equations (1.6) to (1.8) for one-dimensional flow may be

expressed in matrix form by setting

24
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Q q+A 0 0

= R 0 q-A 0

S 0 0 q

and

0

- + [X]3

Figure 2.2 shows the characteristic curve in the space-

time domain between two nodes within the computational mesh.

Equation (2.2) has a solution

t+dt
Sw = -w + f z dt (2.5)

t

where 6w is the change due to time at a fixed location, and

Aw is the change due to displacement at a fixed location,

along the characteristic curve. The value of Aw is

calculated by interpolation through an iterative scheme

25



t+ dt -E

ds/dt
dt

Interpoicted

t 
4

S 1-1 cl

Mesh

Fsingur 2.2ia Cuse hharacteristic Curve, Wihi Coptato oa

values at time level t. The line integral is approximated

by

t+dt B-S
J dt = - f dS f i

t A TSiA

= TAs/x)

= i~ t ~t)(2.6)
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The spatial derivatives of q and A in - are estimated from

values at A and si. Finally, Dw is calculated, and each

node is updated to the next time level.

The Courant-Friedrichs-Lewy (CFL) convergence condition

requires the domain of dependence of the numerical approxi-

mation to include the domain of dependence of the differen-

2tial equation (Ref. 4:pp. 336-337]. Figure 2.3 shows that

t+ dt 7

time q+A q-A

t tq
4 1 2 5 3 0

XX

Figure 2.3 Computational Grid for the QAZID Method

the computational grid for the QAZID method satisfies this

condition by having interpolated initial data points (points

1, 2, and 3) in between previous solution nodes (points 4,

5, 6). The q+A characteristic is estimated from values at

point 4, q characteristic from values at point 5, and q-A

characteristic from values at point 6. The use -of a maximum

27



time step keeps the domain of dependence of the numerical

scheme just outside that of the actual equations, aiding

convergence. Unlike finite difference schemes that are

conservative and require a numerical diffusion or viscosity

to handle oscillations or smearing, this method is stable

without numerical smoothing or artificial dissipation [Ref.

5:pp. 562-583]. However, the equations do not account for

the discontinuities across shocks and contact surfaces

properly. Thus after each time step a one-point correction

technique is used to correct for shocks and contact

surfaces.

C. DISCONTINUITIES

1. Expansion/Rarefaction Waves

The head and tail of the expansion wave travel along

the characteristic as gradient discontinuities. Flow

velocity, speed of sound, pressure, and density are continu-

ous across a gradient discontinuity but the spatial deriva-

tives are discontinuous. Entropy remains constant through

the rarefaction wave. The head of an expansion wave moves

into undisturbed flow with a speed q+A, while the tail of

the expansion wave has a velocity q-A. No special treat-

ment of these waves is required; the characteristics method

accurately tracks and models their influence. Expansion

waves are generated when two shocks collide, a diaphragm is

burst, a contact surface and shock intersect, a shock leaves

28
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an open boundary, or an open boundary has a pressure lower

than the pressure inside the tube. [Ref. 3:pp. 13-15]

2. Shocks

Shocks are created when a diaphragm is burst,

compression waves generated at an open boundary coalesce

into a wavefront with sufficient strength, or when a shock

and contact surface collide. Pressure, velocity, density,

and entropy are discontinuous across a shock [Ref. 6:pp. 30-

31]. The equations of motion (I.6)-(I.10) are not correct

for calculating changes through shocks. A method to correct

for a shock is to use the ratio of the jump in the extended

Riemann variable across the shock to the speed of sound

downstream of the shock to find the incoming Mach Number

relative to the shock (w) [Ref. l:p. 3]. Figure 2.4 shows

the case of a shock headed to the right. The shock velocity

V
S

q, qb  u =- Vu)=
Qa b, a s ub-q s

_ a b a b

unsteady steady

Figure 2.4 Shock Wave with High Pressure on Left
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(V,) is imposed on the flow to produce a stationary shock

condition. Flow variables are then corrected using normal

shock relations. Figure 2.4 applies to a condition where

high pressure is on the left. The shock is moving to the

right at Vs into flow with velocity qB- Table II lists the

equations developed by Salacka [Ref. 2] for relating the

extended Riemann variable change to Mach Number. Velocities

are non-dimensionalized by the speed of sound downstream of

the shock direction, AB, and pressures and densities by the

respective values downstream.

Figure 2.5 depicts equation (11.2) over a range of

Mach Numbers from 1.0 to 4.0. The curve is approximated by

the quadratic equation

QA-QB -2.7574 + 3.1573w- 0.2863w 2  (2.7)

AB

If the high pressure is to the right the shock moves

as Fig. 2.6 illustrates, and the governing equations are as

listed in Table III. Again, downstream conditions are used

to non-dimensionalize velocity, pressure, density, and the

Riemann variable change. The development of the equations

in Table III is given in Appendix A. A plot of equation

(111.2) over a range of w from 1.0 to 4.0 is shown in Fig.

2.7. The curve is approximated by the quadratic equation

N - 2.7574 - 3.15732w + 0.2863w 2  (2.8)
A A
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TABLE II

SHOCK EQUATIONS FOR HIGH PRESSURE ON LEFT

Definitions

Relative Incoming uB (qB-Vs)
Mach Number: w AB AB (I1.1)

Equations

Q Riemann
Variable Change:

QA-QB - 2(w2-i) 2 A A 1 2w
-(y+l)w (~Y- 1 B ~Y (Y-1)' y+l

y-1 (y-l)w2 +2 ) y]t- y-) (y+l)w (.2)

Speed of Sound Ratio:

AA _ ( 2( [1 + 1 1 w2 ] 2y 2 1/2 (11.3)

- -]] w y-1

Pressure Ratio:

P _ 2y 2 -i (11.4)
P B y-l ~

Density Ratio:

QA (y+l)w 2  
(IT.5)

OB (y-l) w 2 +2
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TABLE II (CONTINUED)

Velocity Change:

qAq B  2 (w2 -1) (11.6)
A (y+.L)w

Entropy Change:

S S )1n[ -[ 2 w 2-y+ 1] ()n [(Y-l)w2 +21 (11.7)

AB = (y-1) (Y+)w2
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Figure 2.6 Shock Wave with High Pressure on Right
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TABLE III

SHOCK EQUATIONS FOR HIGH PRESSURE ON RIGHT

Definitions

Relative Incoming
Mach Number:

I A q A -Vs1.1

A A

Ecruations

R Riemann
Variable Change:

RB-RA 2 (lw2) + A B A B 1l 11n(2yw2

A A A

Speed of Sound Ratio:

A 1 [2(,(-1) [1 + yL -~ 1  [-l 2ywl 1/2 (111.3)
A A (y +')w 2 y-i

Pressure Ratio:

PB -k2Ly w2 - - 1  
(111.4)

Density Ratio:

A -(y,+1)w (112

PB (Y-l)w 2 +2
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TABLE III (CONTINUED)

Velocity Change:

qB-qA 2 (1-w 2 ) 
(111.6)

A = (Y+1) w

Entropy Change:

sSB = 1 )In[ 2 w2-y+l] (1 )in[ ( --1)w 2 +2 (111.7)

B-A Y(+) 1 (y+l)w2

.i3
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An examination of equations (11.2) and (111.2)

reveals that

RA I ;cB

A B

This is expected since in flow to the right, the Q extended

Riemann variable is associated with the q+A characteristic.

Also, since velocity is defined as positive to the right, q

is positive. But for flow to the left, velocity is defined

as negative, thus q is negative. Moretti [Ref. 3] showed

that the downstream running Riemann variable

(q+A characteristic) has a lower magnitude of discontinuity

across a normal shock than the upstream running Riemann

variable (q-A characteris-tic), and is thus preferable. In

flow to the left, the Riemann variable associated with

downstream is the R Riemann variable, though the character-

istic associated with the R Riemann variable is q-A, in flow

to the left q is negative and thus

q-A = -(jql + A) (2.9)

Therefore, in fluid traveling left the R Riemann variable is

used to find Mach Number, and in fluid traveling right the Q

Riemann variable is used.
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If the shock is between two nodes with no contact

surface within the same interval, the method to calculate

the Mach Number, w, is as follows:

1) The change in the appropriate extended Riemann varia-
ble across the interval is measured; R variable for
flow left, and Q variable for flow right. Call this
change, xm.

2) Use -m in equation (2.7) or equation (2.8) for the
appropriate flow to calculate w.

3) With equation (11.2) or equation (11.3), for flow
right or left respectively, use w to calculate the
analytical Riemann variable change, Ae.

4) If this exact value of 1e is not equal to Lim then
calculate a new guess, &g from

Agi+l = Igi + (Am - Ae) (2.10)

and then repeat steps 2 to 4 until Ae equals um.

Thus the correct value of w is determined, and shock

corrections from the normal shock relations are valid. Vs

is determined from equation (II.1) or equation (III.!)

depending on flow direction. Flow d-irection will be

initially determined by the side with high pressure. High

pressure on the left means flow will travel to the right.

Likewise, high pressure on the right means flow will travel

to the left.

3. Contact Surface

A contact surface is a boundary between regions of

*flow which are different in composition or which have

undergone different thermodynamic histories. Thus a contact

surface is formed when the diaphragm is burst in a shock
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tube separating the gas initially in the driver from the gas

initially in the driven tube [Ref. 6:pp. 23-29]. In a wave

rotor, a contact surface would separate the combustor gases

from the cooler inlet air. Contact surfaces are also caused

by two shocks of opposite families colliding or a shock over

taking a shock of the same family (Ref. 3:pp. 15-18].

Figure 2.8 illustrates the changes in physical

properties through the contact surface in the shock tube

problem. The gas to the right has been compressed and

heated by the shock wave, with that to the left cooled and

tall of
expansion wave contact surface shocki 4-- v

q-A qSq-A pressure

velocit U

density

Increase
maodified entropy

<" X

Figure 2.8 Behavior of Physical Properties Through
a Contact'Surface
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expanded. The density, speed of sound, and modified entropy

are discontinuous across the contact surface.

Since pressure is constant across the contact

surface, using the perfect gas equation of state and the

first law of thermodynamics it is shown in Appendix A for

the shock tube problem that

(Y2) (SB-SA))

AA/AB = exp (2.11)

Since the flow behind the contact surface to the

tail of the rarefaction wave is isentropic, the value of SB

will be known. The value of SA is the value of entropy

behind the shock. Subtracting equations (1.4) and (1.5)

from each other and dividing by entropy SB, AB can be

determined. Thus the unknown speed of sound AA is obtained

from equation (2.11). With qB equal to qA, and SA the

Riemann variables just behind the contact surface are calcu-

lated from equations (1.4) and (1.5). For a contact surface

traveling to the left it is only necessary to interchange

the subscripts. The velocity of the contact surface is

easily determined since it moves at velocity q along the q

characteristic line associated with S. [Ref. 3:p. 16]

4. Contact Surface/Shock Interaction

When the shock and contact surface are within the

same interval the calculation of the shock incoming Mach

Number, w, must be modified. Figure 2.9 shows a plot of the
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contact surface shock

Entropy
A' B/ A B

~x
i+ 1

Figure 2.9 Modified Entropy Distribution for Shock
and Contact Surface Traveling Right

modified entropy change across the interval. The use of the

Riemann values art the nodes to estimate the Riemann variable

change across the shock would be incorrect. The correct

Riemann variable change would be, for flow to the right,

SK = (2.12)

The correct Mach Number, w, is determined using the

technique of Moretti modified for QAZID (Ref. 3:pp. 23-24].

Referring to Fig. 2.9, the technique for flow to the

right is as follows:

1) Calculate w as if no contact surface were in the
interval. With values at node i+l known, determine
SB . Then use w and SB in equation (11.7) to solve for
SA - This is the initial estimate'of SS . Let SB,= SS.

2) The Q Riemann Variable change across a contact surface
is shown in Appendix A to be given by
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0A'B' (R- )X-)J AAA Ac s r= [e B A 2 SA , -SB , ( 2 .1 3 )

B X

3) Define

M= ')AIB (2.14)

B

then

Am = ASK+ ACS (2.15)

can be solved to obtain ASK.

4) Using ASK as Am in the shock iteration scheme given in
Section II.C.2 calculate a new w.

5) With this new w and SB use equation (11.7) to obtain a
new SA.

i6) Compare SA with SS . If they are not equal to within
an acceptable error, calculate a new estimate for SS
using

S =S + (sA Ss)  (2.16)
SSi+1 

S.si  -s

Iterate until convergence is achieved.

This will result in the proper w for a condition

with shock and contact surface interacting.

For flow to the left, it is only necessary to inter-

change the subscripts A and B, and use

= ex (SS, S' ( (2. 17)
2 rsB,

-5A" q

A A
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for the extended Riemann Variable change. Figure 2.10

illustrates the left traveling condition.

shock contact surface

Entropy A B A B

S

SX i+ I

Figure 2.10 Modified Entropy Distribution for Shock
and Contact Surface Traveling Left

D. BOUNDARY CONDITIONS

1. Open Boundary

At the open boundary, a reference pressure ratio,

Pref - P-/PA is specified, where P,. is the pressure to be

held at the boundary, and PA is the pressure just inside the

tube. Only the case where Pw - PA is considered. This

means that an outflow condition at the boundary will result

when P. < PA, with an expansion wave traveling in from the

boundary. Thus locally at the boundary, conditions are

isentropic.

The computational grid for the left boundary is

shown in Fig. 2.11. A phantom node, L, is used outside the

44
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left grid boundarg

B

q+A q q-A

A A
e0

L 1 2

Figure 2.11 Left Boundary Computational Grid

computational mesh to enable simple enforcement of constant

pressure and entropy at the mesh boundary node, 1.

The approach is to determine the required variables

at node L, then transfer these values onto node 1, and vary

q at the boundary to meet the required boundary conditions.

First, using Pref at node L and S at node 2 in equation

(1.3) rewritten in the form

(S _7_) (-y (y-l)) -1/y
P= (I/Pre f ) (exp - )) (2.18)
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OR, the density ratio at the boundary, is calculated. Using

the perfect gas equation of state in equation (2.18) the

temperature ratio, TR is given by

(Y (1-y) (S -2

T(Yl))(exp (S (2.19)T R  R

and can be calculated once PR is known. With an initial

velocity at the boundary, qb, assumed the Riemann variables

R and Q are determined for node L using

R = qb - TR S (2.20)

and

Q = qb +  R S (2.21)

Subtracting equation (2.20) from (2.21), and

dividing by twice S yields A at node L, where A =

The values of R, Q, A, qb, and S are now known at node L.

These values are assigned to node 1, and the QAZiD algorithm

is applied to the boundary node as if it were an interior

node. The result is an estimate of the new values for R, Q,

and S at node 1. These are used to obtain a new estimate of

the pressure ratio at node 1, call it PRN. PRN is compared

with Pref, and the new value of S with the old value of S at

node 1. A new qb is calculated by solving equations (2.20)
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and (2.21) simultaneously. The process is repeated until

entropy and pressure remain constant at the boundary. For

the right-hand boundary, Fig. 2.12 shows the computational

right grid boundary

B

A AA

n-I r
x

Figure 2.12 Right Boundary Computational Grid

grid with the phantom node, r, to the right of the mesh

boundary node, n. The procedure for the right boundary is

the same as for the left boundary.

When a shock travels across the open boundary, the

boundary is first corrected using the method described in

Section II.C.2. Subsequently, the pressure is returned to

give the constant value specified for Pref, using the above
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procedure. The result will be an expansion wave traveling

inward.

For supersonic flow, all of the variables are deter-

mined from values at the interior nodes [Ref. 1:p. 3].

2. Closed Boundary

The solid boundary is imposed by setting the

velocity at the boundary, q, equal to zero. The same

computational grid is used as that for an open boundary, but

a different technique is used in assigning values to the

phantom node. Referring to Fig. 2.11, the velocity at node

2, q2 , is known. By setting

-" qL = - q2  (2.22)

the wave impacting the boundary will be met by a wave of

equal velocity but opposite in direction and will result in

node 1 appearing as a solid boundary. Further, to

facilitate the QAZlD method, set

RL = - Q2  (2.23)

QL = R2 1 (2.24)

SL = S2  (2.25)

AL - 2A (2.26)
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This will enable the computation of the new boundary node 1

values as an interior point with

q = 0

The right boundary is handled in the same way.

Figure 2.13 illustrates the sequence of events when

a shock reflects off a solid boundary on the right [Ref. 7:

V V
S S

Qa ,qb qa b

solid sol id

A B boundary A boundcrv
n-I n r n-I n r

A' Shock Approaches Solid B) Shock Reflects Off
Boundary Solid Boundary

Figure 2.13 Shock Reflecting at Solid Boundary

pp. 172-1951. Since the velocity behind the reflected

shock, qB, is zero, and the velocity in front of the shock,

qA, is known, the velocity gradient, Lq, over the shock is,

in non-dimensionalized form, given by

4
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Aq = (qB - qA)/AA (2.27)

Rearranging equation (111.6), and using Y = 1.4 it

can be shown that

w = l + 0.36(Aq)2 - 0.6Aq (2.28)

This is an exact analytical value for w based on stationary

normal shock relations. The speed of sound ratio, AB/AA, is

calculated from equation (111.3) and

AB = AA(AB/AA) (2.29)

Entropy behind the shock, SB, is determined from equation

(111.7) since SA is known. Then the extended Riemann

variables, R and Q, behind the reflected shock are

calculated from equations (1.4) and (1.5) respectively.

For a shock reflected from the left boundary, the

subscripts A and B are interchanged and using equation

(11.6) the Mach Number is given by

w = Ii + 0.36(Aq) 2 + 0.6Aq (2.30)

The equations from Table II are used instead of

those from Table III (used in the case of reflection from

the right boundary), since the shock is now traveling from

left to right.
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III. FORTRAN PROGRAM EIDV2

A. GENERAL DESCRIPTION

Prograr ElDV2 is a Fortran computer program which

calculates 1-dimensional unsteady flow based on the QAZ1D

formulation and method of solution of the Euler equations of

motion. The program has provisions for tracking in time the

location of shock waves, contact surfaces and head and tail

of the expansion waves. Its intended application to wave-

rotcr design and analysis explains the present definition of

node points and boundary conditions. In its current form,

the code describes flow in a tube initiated by a diaphragm

bursting. The location of the diaphragm, whether the flow

is to the left or the right, and whether the ends of the

tube are closed or open, can be varied.

The EIDV2 program is written in FORTRAN 77, and was

developed using the IBM 3033 System 370 computer. The use

of DISSPLA subroutines in plotting results requires

compiling and executing using VS FORTRAN procedures.

Appendix B describes the procedures for running the EIDV2

program on the Naval Postgraduate School IBM computer

system. A listing of the code, which contains its own

4description in comment statements, is given in Appendix D.
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The code incorporates:

1) first order accuracy

2) double precision numerics, except for single precision
in graphical output

3) linear interpolation and extrapolation algorithms

4) quadratic polynomial approximations for curve fitting

5) non-dimensional variable input and output

6) structured subroutine format.

Table IV lists all the subroutines called from the main

program and brief descriptions of their purposes. The

extensive use of subroutines was intended to allow modifica-

tions and extensions of the code without major

restructuring.

B. THE MAIN PROGRAM

The main program flowchart is illustrated in Appendix C,

Fig. C.1. The conventions and a comprehensive list of

variables are listed in the beginning of the program. The

number of grid nodes is set by the user, and must be an odd

number. Arrays are dimensioned to the number of nodes in

the main program prior to compiling and executing.

Initial values for temperature, pressure, and density

ratios at the diaphragm and boundaries are entered by

f.. editing. Also, the initial velocity distribution on each

side of the diaphragm is set, and as well as the ratio of

specific heats. The side with the high pressure is identi-

fied. 3oundaries are set either closed or open. In the

.5
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TABLE IV

SUBROUTINES

TIME Calculates minimum time step

TRAK Tracks discontinuities, calculates shock mach

number, w

SWEEP Advances node values to next time step

CONDI Calculates interpolated values of Riemann
variables, Dq/;s, and ^A/es when no shock
or contact surface within an interval

COND2 Calculates interpolated values of Riemann
variable, ;q/ s, and ;A/ s when discontinuity
within interval to right of node or flow is
supersonic to the right

COND3 Calculates interpolated values of Riemann
variable, £a/Js, and 'A/3s when discontinuity
within interval to left of node or flow is
supersonic to the left

COND4 Called when node is jumped by discontinuity
to load node information into array for use
in subroutine CORRCT

COND5 Calculates interpolated values of Riemann
variable, q/ 3s, and WA/3s when discontinuity
on either side of node and flow is
supersonic

COND6 Would contain subroutine to advance node
when contact surface is in front of shock
after intersecting and traveling in same
direction. Not currently in use

COND7 Would contain subroutine to solve precisely
when and where shock and contact surface
would intersect within an interval. Not
currently in use

COND7N Would contain subroutine to solve precisely
when and where shock and contact surface would
intersect if either were jumping a node simul-
taneously. Not currently in use
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TABLE IV (CONTINUED)

COND7S Would contain the subroutine to solve the
Riemann problem of shock and contact surface
intersecting. Not currently in use

COND8 Would contain subroutine to advance node after
shock and contact surface have crossed and are
moving apart. Not currently in use

CORRCT Advances nodes jumped by discontinuity to next
time step

DELTAX Determines relative location of discontinuity
within an interval

SKJUMP Calculates variable change across a normal
stationary shock

CSJUMP Calculates variable change across a contact
surface

EXTRAP Extrapolates entered values

INTERP Interpolates entered values

DBURST Calculates initial Riemann values at node
where diaphragm is located

BONDRY Calculates values to update left and right
boundary

SRFLCT Calculates new shock parameters when shock
reflects off solid boundary

BBDRY Alternate interpolating scheme near boundary

BORDER Sets graphical borders

PLOT Plots q, S, P, and p

EXACT Plots exact p versus calculated o

LIST Lists calculated values in files 8, 9, 10
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open case, either constant pressure, or an adjustable

pressure is specified. The latter case in effect extends

the tube, and allows discontinuities to disappear out of the

tube without creating expansion or compression waves. Exact

values for velocities of expansion wave, shock, and contact

surface, and density ratio are specified by the user in the

input section.

Output is controlled by setting the variable GRAPHS to

either 0, 1, or 2. A zero creates three files which contain

data calculated at the time the call to subroutine LIST is

made. A value of 1 causes plots of pressure, density,

velocity, and entropy distributions to be created. When

GRAPHS equals 2 a plot of the exact density distribution

along with the calculated density distribution is made.

Calls to output routines are determined by the parameter,

SKIP, the number of time steps between calls, which is

specified by the user.

Program termination can occur for several reasons.

First, the program terminates when a maximum number of time

steps, JSTOP, is reached. JSTOP is specified by the user.

Second, the program terminates if, during execution, any of

the following conditions are met:

1) The shock intersects with the contact surface

2) The pressure at any open boundary is higher than the
pressure at the first node inside the boundary

) The shock exits an open boundary.
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In these cases a message is displayed on the terminal

describing the reason for termination.

C. THE SUBROUTINE PROGRAMS

1. The "DBURST" Routine

Figure C.2 in Appendix C shows the flowchart for

"DBURST". The assumption that a shock and contact surface

are formed immediately causes oscillating numerical solu-

tions that dampen within five to ten time steps. By

mathematically "bursting" the diaphragm prior to time zero,

a solution at the node where the diaphragm is located can be

determined at time zero. The result is a more accurate

representation of the wave structure and a dampening of a

reduced transient solution within three time steps.

"DBURST" calculates the Riemann variables that would exist

behind a shock and contact surface that have moved an

infinitesimal amount after the diaphragm burst, and assigns

them to the node where the diaphragm was situated.

2. The "TIME" Routine

The "TIME" subroutine was not changed from that

developed by Salacka [Ref. 2:p. 35]. The purpose is to

compute the maximum allowable time step but ensuring that

all characteristic trajectories over the time step are

within one interval between nodes. The time step is

determined from
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DELT = H/ABS[Q+A] (3.1)

at every node, and the minimum time step is used.

3. The "TRAK" Routine

This routine computes the new locations of the

shock, contact surface, and head and tail of the expansion

wave after the time step, DELT, calculated in "TIME." In

Appendix C, Fig. C.3 shows the flowchart for the "TRAK"

subroutine. The shock velocity, Vs , incoming Mach Number,

w, and pressure, density, and sonic velocity ratios PR, DR,

and AR respectively are determined. The equations for flow

left and right are the same, except for DQ, the velocity

gradient, which is different only by sign. Thus by proper

bookkeeping the same equations are coded once and used in

either direction. The initial direction of the shock and

contact surface are set from code that interprets which side

has the high pressure at time zero. The contact surface

speed is determined after the shock speed is established.

The situation at time zero is handled as in "DBURST" to

ensure that the shock/contact surface interaction is

properly modeled. Since there is a certain transient

solution that decays after three time steps, tracking of the

expansion wave is not initiated until then.

The head of the expansion wave travels at a velocity

corresponding to q+A, and the tail with speed q-A. In the

case of flow traveling to the left, this is reversed.
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4. The "SWEEP" Routine

The "SWEEO' subroutine solves equation (2.5) and

updates the values of variables at the nodes, including the

boundary nodes. Appendix C, Fig. C.4 shows the "SWEEP"

flowchart. Only those nodes which have been crossed by a

discontinuity during the time step are updated by the

"CORRCT" subroutine. Section II.B describes the theory

coded into "SWEEP". The routine begins at the left boundary

node and progresses to the right boundary node, one node at

a time. Figure 3.1 illustrates the overall algorithm

applying the QAZID method. At the boundary nodes, the

,'I

h
X

Figure.3.1 Overall Algorithm for QAZiD Method
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"BONDRY" subroutine is called and returns the updated values

at those nodes. In between, the correct and most effective

algorithm to update the node is determined. These

algorithms are coded into eight different condition

subroutines. These routines calculate the interpolated

Riemann variables associated with the three characteristics

(q+A, q, and q-A), plus the spatial derivatives at 3q/ s and

A/3s. This allows "SWEEP" to calculate w and z. The

integral of z is then determined, and the update for the

variables of that node in dw are computed. ) is stored

until the entire mesh has been swept. Then the variable

arrays (w) are updated to the next time interval.

To choose the proper condition routine, the

following information about conditions in the interval on

either side of the node are expressed in two 3 digit integer

variables, SHOCK and CNTACT. The value of these variables

provide a code for the following information:

SHOCK--The existence of a shock within an interval, and,
if so, the direction of travel, and if the shock
will cross the node in front of it within the
current time step.

CNTACT-The existence of a contact surface within an
interval, and, if so, the direction of travel, and
if the contact surface will cross the node in front
of it within the current time step.

Figure 3.2 illustrates the regions around a node. Table V

lists the values that SHOCK and CNTACT may have, and their

meaning. Figures 3.3, 3.4, and 3.5 illustrate examples of

what different SHOCK and CNTACT values mean. At each node
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Figure 3.2 Interval and Node Description used in "SWEEP"
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at t+dt 4..-. at t+dt at. ct
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Figure 3.3 Schematic of SHOCK =331 and CNTACT =232
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TABLE V

VALUES OF PARAMETERS SHOCK AND CNTACT

SHOCK

Located Direction Crosses node in
Value in interval on of travel Rath within time step

100 No Shock N/A N/A
321 Left Right Yes
322 Left Right No
331 Left Left Yes
332 Left Left No
221 Right Right Yes
222 Right Right No
231 Right Left Yes
232 Right Left No

CNTACT

100 No contact surface N/A N/A
321 Left Right Yes
322 Left Right No
331 Left Left Yes
332 Left Left No
221 Right Right Yes
222 Right Right No
231 Right Left Yes
232 Right Left No
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Figure 3.4 Schematic of SHOCK = 100 and CONTACT = 321

contact surface shock
-t + tdt t ---- t~dtt -q - V

x

Figure 3.5 Schematic of SHOCK =221 and CNTACT =222
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the code examines the shock and contact surface condition,

along with relative location of the shock to a contact

surface if both exist near the node, if the flow is super-

sonic or subsonic at the node, and the direction the flow is

traveling. The appropriate algorithm is determined and

called in the form of a condition subroutine.

The "SWEEP" routine is designed to handle all

possible shock and contact surface combinations. Because

the code does not solve the situation where the shock and

contact surface intersect, as illustrated in Fig. 3.6, then

any combinations after the shock and contact surface have

crossed call condition routines that currently contain only

messages. The code was intentionally prepared to be easily

extended to treat the intersection of the shock and the

contact surface, and beyond.

shock and
contact surface contact surface shock
at t . Intersect at t-dt .at tqV

V
S

11 1 I+ 1

S.-.

Figure 3.6 Schematic of SHOCK = 231 and CNTACT = 322
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5. The "Condition" Subroutines

The ten subroutines that are called by "SWEEP" to

calculate the interpolated values of the extended Riemann

variables, R and Q, plus S, 3q/3s, and A/9s are CONDI,

COND2, COND3, COND4, COND5, COND6, COND7, COND7S, COND7N,

and COND8. The procedure used in CONDI, COND2, COND3, and

COND5 is that of Salacka [Ref. 2:pp. 36-37] modified to

account for contact surfaces. Appendix C, Fig. C.5 is a

general flowchart for these four routines. Essentially, an

initial estimate is made of the characteristic slopes, ,, by

enforcing the principle of domain of dependence. The

assumption is made that the slopes are linear, and that the

characteristics pass through point B, as defined in Fig.

3.7. Then q and A are computed at point A, which in turn

yields a second estimate of the characteristic slope, '.

The two slopes for each characteristic are compared.

If they are not equal to within an acceptable error, the new

estimate of - is used to repeat the process until

convergence is achieved. All three characteristics are

handled simultaneously. The value of

S = ' t (3.2)

is then determined for each characteristic q+-, q, and q-A.

This allows linear interpolation of Q, R, and S at point A.

The spatial derivatives, Q/3s and 3A/ are computed from
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t+dt4 h B

+A
1-1 

1+1 dt
S

q I
4 ds I & ds 3

Figure 3.7 Computational Method for CONDI Routine

the values of q and A used in the estimate of the initial

characteristic slopes.

The "CONDl" subroutine is used when there are no

contact surfaces or shocks within the interval on either

side of the node, and flow is subsonic. The q+A character-

istic uses forward differencing, while the q-A characteristic

uses a backward differencing scheme to keep the initial

domain of dependence of the numerical scheme outside the

physical domain of dependence.

The "COND2" subroutine is a backward differencing

algorithm used in situations when one or more discontinui-

ties are in the right interval, or if flow is supersonic to

the right. Fig. 3.8 illustrates the computational method
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t+dt B discontlnutty

t q -A

S

q1

A AA
dsi-I 1 i 1+1
Ai

ds 2

Figure 3.8 Computational Method for COND2 Routine

for "COND2". The characteristic slopes of q+A and q are

handled as in "CONDl", but the q-A characteristic slope is

determined by a backward rather than a forward scheme. To

interpolate between node i and i+l would be incorrect

because of the discontinuity in the values between them.

The value of parameters in the right interval are interpo-

lated from values in the left interval by assuming the

derivatives do not change between the intervals up to the

discontinuities (i.e., a shock and/or a contact surface).

The "COND3" subroutine is a forward differencing

algorithm used in situations when one or more discontinui-

ties are in the left interval, or if flow is supersonic

traveling to the left. Figure 3.9 shows the computational
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discontinuitU

t q I 

S

sds
1 i 1  i 3

ds 2
CS2

Figure 3.9 Computational Method for COND3 Routine

method for "COND3". The method is similar to that in COND2

but the q4A characteristic slope has to be interpolated from

values of node i instead of node i-1 using a forward

difference scheme. The characteristic slope for q-A and q

are estimated by forward difference schemes using values of

node i+1 and i respectively.

For conditions, such as that illustrated in Fig.

3.10, where a discontinuity is in the interval opposite the

direction of supersonic flow then COND5 subroutine is

called. A mix of COND2 and COND3 is used. For flow to the

right the method of COND2 is implemented, while flow to the

left is the same as for COND3.
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qi>A
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Figure 3.10 Example Condition for "COND5" Routine

Subroutine "COND4" is called whenever a node is to

be crossed by a discontinuity from either direction. The

flowchart for "COND4" is shown in Appendix C, Fig. C.6. Two

integer vector arrays, LNODE and RNODE, are used to store

the following information on the node being crossed.

A) the node number, I

B) the value of SHOCK

C) the value of CNTACT

D) the current value of the integer time step, J

The information is used in "CORRCT" to update the node to

the next time level. In the current code the maximum number

of nodes that can be crossed during any time step is two.

Figure 3.11 shows an example of this situation, and defines

the assignment of values. Because the nodes are swept from

left to right, the left-most node is assigned to LINODE,

while RNODE applies to any node crossed to the right of the

LNODE node. The values of .j are set to zero, so
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contact surface shock

t t+ct t t+dtH ____
LnCIDE R 1 ODE.

Figure 3.11 Example of 11COND411 Routine Situation

that these nodes are skipped when updating occurs in

"SWEEP". The main program interprets the value of J in

LNODE and RNODE to determine if zero, one, or two nodes need

to be corrected in "CORRC". If zero nodes are crossed

during a time step then 1"CORRCT11 is not called.

The "1COND6" and "COND81" subroutines are designed for

future extensions of the entire code. Until the Rieman-,

problem illustrated in Fig. 3.6 is coded, then any situation

after the shock and contact surface intersect cannot be

computed. However, "SWEEP" is already coded to call 1"COND61"

for the situation illustrated in Fig. 3.12, or its mirror

image. "COND811 would be called for all the other situations

after the shock and contact surface interaction has taken

place. Currently, both subroutines output messages on the

screen describing the situation, and set HALT equal to 1 to

terminate the program.
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shock contact surface

v q

V Sq

i i+ I

Figure 3.12 Example of "COND6" Situation

The "COND7", "COND7N", and "COND7S" subroutines are

all related to each other. They are intended to contain

code that would facilitate the shock and contact surface

intersection and solve the resulting Riemann problem. The

"COND7" routine is called when the contact surface and shock

moving in opposite directions would cross in a time step

within an interval. The routine would calculate when and

where within the time and space domain the intersection

would occur based on the known velocity of each discontinu-

ity and their current locations. This new time could then

be used to rerun "SWEEP" with the shock and contact surface

exactly on top of each other at the end of the new time

step. The "COND7N" routine is for the same situation, but

when a node is crossed by either discontinuity during the

same time step. The same procedure is done, with the

requirement to ensure the node crossed is properly updated
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by "CORRCT" during the new time step. The "COND7S" routine

is called when a shock and contact surface are located at

the same point at a time other than zero. The subroutine

would contain the code to solve the Riemann problem set up

by "COND7N" or "COND7" routines.

6. The "CORRCT" Routine

Appendix C, Fig. C.7 shows the flowchart for

"CORRCT". The "CORRCT" routine corrects nodes that have

been crossed by a discontinuity (i.e., a shock or a contact

surface) or are straddled by both. The routine takes the

information from LNODE and RNODE arrays to determine which

node or nodes are to be updated, and if there is any shock

and contact surface interaction at the nodes. Then, using

subroutines "DELTAX", JUMP#1 CSJuMP", "EXTRAP,

"INTERP", and "BBDRY" the concepts from Section II are

imposed to calculate the jump in the parameters R, Q, S, A

and q at the node in question to the new time level.

7. The "BONDRY" Routine

The "BONDRY" routine computes the new values of the

parameters Q, R, and S at the boundary nodes for time step

t. The concepts of Section II for an open or closed

boundary are coded as shown in the flowchart of "BONDRY"

given in Appendix C, Fig. C.8. The routine uses the

"CONDl", "COND2", or "COND3" routines to calculate the

correct w, and then solves for w the same as in "SWEEP".
If a shock crosses an open boundary node during a time step,
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then "SKJUMIP" routine is used to calculate the values behind

the shock at the node.

8. The "SRFLCT" Routine

The "SRFLCT" subroutine is called to calculate the

values of Q, R, S, q and A at the boundary node when a shock

reflects from a solid boundary. Appendix C, Fig. C.9 shows

the flowchart of "SRFLCT" which codes the analysis in

Section II.D.2 for closed boundary shock reflection. The

time for the shock to reach the solid boundary, 3tw, is

computed. Then the excess time in the time step, 3t, is

given by

.tex = lt - ;tw  (3.3)

After the new shock velocity, Vs,is calculated, then the new

location of the reflected shock is known from multiplying Vs

by 3tex and adding or subtracting from the boundary

location.

9. The "DELTAX" Routine

The "DELTAX" subroutine is used in "CORRCT" and

"BONDRY" to calculate the location within an interval of a

discontinuity in terms of x. Figure 3.13 defines the
Rvarious displacements which are calculated.

10. The "SKJUMP" Routine

The "SKJUMP" subroutine computes the conditions

downstream of a stationary normal shock as described in
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Figure 3.13 Discontinuity Location within an Interval

Section II.D.2. The "CORRCT", "TRAK", and "BONDRY"

subroutines call "SKJUMP" when required, to obtain the speed

of sound (A), entropy (S), and velocity (q) behind the

shock.

11. The "CSJUMP" Routine

The "CSJUMP" subroutine computes the velocity and

speed of sound change across a contract surface as described

in Section II.D.3. The "CORRCT" and "TRAK" routines call

"CSJUMP".

12. Numerical Support Routines

The "EXTRAP", "INTERP", and "BBDRY" routines are

used by "CORRCT", "BONDRY", "TRAK", and "DBURST" to extrapo-

late or interpolate data to the face of a discontinuity or

point. In particular, "BBDRY" is an interpolation routine

used within an interval near a boundary.
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13. The OutDut Routines

The four output subroutines used are those developed

by Salacka [Ref. 2:pp. 39-40). The "BORDER" and "PLOT"

routines output plots of pressure, velocity, density, and

modified entropy distributions versus a non-dimension-

alized tube length at preset time intervals. "EXACT"

creates a plot of the exact density distribution at selected

points and compares it with the computed density

distribution for a selected time step. The "LIST" routine

outputs to files 8, 9, and 10 tabular listing of computed

data. The files are sent to the user's permanent storage

disk.

A value of GRAPHS equal to one causes "BORDER" to

be called in the main program. This defines plot axis,

labels, and headings. "PLOT" is then called once at time

zero, and at every time step set by SKIP.

If GRAPHS is set equal to two, then "EXACT" is

called every SKIP time steps to plot six exact density

values and the computed density distribution. The six exact

points are:

A) The two boundary points

B) The head and tail of the rarefaction wave

C) A point just behind the contact surface

D) A point just behind the shock.
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The location of the exact values is based on elapsed time

and known exact values for wave velocities entered with the

initial conditions for the problem.

"LIST" routine is called every SKIP time steps when

GRAPHS is equal to zero. File 9 contains a tabular listing

of the Riemann variables, modified entropy, pressure,

density and velocity distributions, elapsed time, discon-

tinuity velocity and location. File 10 is a tabular listing

of the location of the shock, contact surface, and the head

and tail of the expansion wave computed at every SKIP time

steps. File 8 contains the exact values of the location of

the shock, contact surface, and the head and tail of the

expansion wave.
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IV. RESULTS

Four test cases were run using the ElDV2 code. The

purpose was to verify the ability of the code to determine

the unsteady flow process and correctly simulate varying

boundary conditions and flow directions in the Riemann shock

tube problem. The shock tube is illustrated in Fig. 4.1

with the high pressure on the left. The tube is divided

into two sections by a diaphragm. When the diaphragm is

burst, the pressure equalizes through a shock wave traveling

into the expansion chamber, and an expansion or rarefaction

diaphragr
P expoansion chamber

iig

X compression charn lew

time = 0

p hgh expansion wave contactFige 41 Sshock

S76

~x!

r'.

j Figure 4.1 Shock Tube at t = 0 and t = t
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wave traveling into the compression chamber. A contact

discontinuity is behind the shock wave, traveling at the

particle velocity [Ref. 6:p. 30].

A. TEST CASE 1

Test Case 1 was designed to demonstrate shock reflection

and expansion wave reflection at solid boundaries. Test

Case 1 had the following initial and boundary conditions:

1) Pressure and density ratios equal to five, with high
pressure on the left

2) Temperature ratio equal to unity

3) Both boundaries were closed

4) Diaphragm was located at x = 0.5

5) Computational mesh had 101 nodes

6) Maximum time step, JSTOP, = 109, with SKIP = 18.

Plots of the results obtained for the pressure, density,

velocity, and modified entropy distributions are shown in

Fig. 4.2 and Fig. 4.3. Fig. 4.2 shows the computation up to

time step 55, while Fig. 4.3 takes the computation from time

step 56 to termination. The output of "EXACT", a plot of

the exact density compared with the computed density

distribution is shown in Fig. 4.4. Fig. 4.5 illustrates the

*spatial location versus time for exact and computed shock,

contact surface, and head and tail of the expansion wave.

Data for Fig. 4.5 were taken from file 10 and file 8. Fig.

4.6 shows plots of pressure, density, modified entropy, and

velocity distributions for the same initial and boundary
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SHOCK TUBE RESULTS
FIRST ORDER N -101

DENSITY RATIO - S.0 TEMP RATIO -1
PRESSURE RATIO -5.0
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Figure 4.2 Test Case 1 (1 1 to 1 55)
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SHOCK TUBE RESULTS
FIRST ORDER N -101

DENSITY RATIO - 5.0 TEMP RATIO -1
PRESSURE RATIO - 5.0
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Figure 4.3 Test Case 1 (J - 56 to j - 109)
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SHOCK TUBE RESULTS
FIRST ORDER N -101

DENSITY RATIO - 5.0 TEMP RATIO - I
PRESSURE RATIO - 5.0

-W

0.130 0. 25 0.50 0.5 's .. 0 0. 00 J. Z5 L.8 7-- .3
X
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Figure 4.6 Test Case 1, lligh Pressure on Fight

~82

o



conditions but with high pressure on the right. Figure 4.6

includes data corresponding to those in both Fig. 4.2 and

Fig. 4.3 for the high pressure initially on the left.

B. TEST CASE 2

Test Zase Z was to demonstrate in open boundary,

-onstant pressure, expansion wave interaction. The test

case was run with the following initial and boundary

conditions:

Pressure and tensity ratios equal to 5.), with nigh
pressure on the left

2 Temperature ratio equal to unity

The left ooundarv' was oen, w" i constant pressure
ratio icross the boundary of 4, 5

The r bgnt Ooundary was open, with an ad-ustable ores-
sure rt.o that n effect extended the "ength -r the
tube

The 11aphrigm jas located 3t :< = ).-4

omputitiona1 iesn had I5 nodes

Maximum -'me ;3-en. 3TP " K:?

P.o-s of the results for the pressure, density, veiocity,

t3I l " ." ' r 0St u-_z: _ S e -3nown _- r, i :.

The test case was rer'un with high pressure on the right.

F.ure 4.3 snows the result3 for pressure, iens.ty, and

tecra rI -p:; the , .he -iphrirnm .as- then it :=

0.>. Boundary condLtions were reversed. The same ccnputa-

tional mesh, and output control were used.

83

'~~~~~ ... r ""



SHOCK TUBE RESULTS
FIRST ORDER N - 51

DENSITY RATIO - 5.0 TEMP RATIO -1
PRESSURE RATIO - 5.0
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Figure 4.7 Test Case 2, High Pressure on Left
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SHOCK TUBE RESULTS
FIRST ORDER N - 51

DENSITY RATIO - S.0 TEMP RATIO - I
PRESSURE RATIO - 5.0
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Figure 4.8 Test Case 2, Hligh Pressure on Right
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C. TEST CASE 3

Test Case 3 was designed to demonstrate a shock exiting

an open boundary with constant pressure maintained at the

boundary itself. The following initial and boundary

conditions were set:

1) Pressure and density ratios equal to 5.5, with high
pressure on the left

2) Temperature ratio equal to unity

3) Left boundary was closed

4) Right boundary was open with a constant pressure ratio
across the boundary of unity

5) Diaphragm was located at x - 0.5

6) Computational mesh had 101 nodes

7) Maximum time step, JSTOP, - 73, with SKIP - 18.

Figure 4.9 shows plots of the results obtained for pressure,

density, modified entropy, and velocity distributions.

Similarly, Fig. 4.10 shows results obtained by putting the

high pressure on the right, reversing the boundary condi-

tions, and holding everything else the same.

D. TEST CASE 4

Test Case 4 was designed to demonstrate a lower pressure

ratio, with shock wave reflection. The initial and boundary

conditions were set as follows:

1) Pressure and density ratios equal to 3.2, with high
pressure on the left

2) Temperature ratio equal to unity

3) Both boundaries were closed
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SHOCK TUBE RESULTS
FIRST ORDER N -101

DENSITY RATIO - 5.5 TEMP RATIO -

PRESSURE RATIO - 5.5
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Figure 4.9 Tout Case 3, High Pressure on Left
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SHOCK TUBE RESULTS
FIRST ORDER N -101

DENSITY RATIO - 5.5 TEMP RATIO I
PRESSURE RATIO - 5.5
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Figure 4.10 Test Case 3, High Pressure on Right
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4) Diaphragm was located at x - 0.5

5) Computational mesh had 901 nodes

6) Maximum time step, JSTOP, - 601, with SKIP - 150.

Plots of the results obtained for the pressure, density,

modified entropy, and velocity distributions are given in

Fig. 4.11. Figure 4.12 shows the results obtained with the

high pressure to the right, SKIP = 200, and holding all

other parameters constant.
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SHOCK TUBE RESULTS
FIRST ORDER N -901

DENSITY RATIO - 3.2 TEMP RATIO - I
PRESSURE RATIO I 3.2
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Figure 4.11 Test Case 4, High Pressure on Left
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SHOCK TUBE RESULTS
FIRST ORDER N -901

DENSITY RATIO - 3.2 TEMP RATIO - 1
PRESSURE RRTIO 3.2
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Figure 4.12 Test Case 4, High Pressure on Right
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V. DSUSO

A. RESULTS OF TEST CASES

Overall, in the four specific test cases which were run,

the expected qualitative flow behavior was produced by the

code. Quantitatively, either experimental data or further

exact solutions are needed to fully validate the computa-

tions. The results of each test case will be discussed

separately.

Test Case 1 results in Fig. 4.2 show the formation of a

well-defined shock wave traveling to the right, with the

contact surface crisply defined following along behind. The

entropy drops sharply across the shock and remains constant

to the contact surface and then jumps to a steady, constant

value to the left boundary as expected. Pressure and

velocity remain constant through the contact surface.

Velocity is positive since flow is to the right. The

expansion wave is smeared from head to tail over the correct

range. Figure 4.3 is a continuation of the flow problem

with a sequential display of the results. The entropy

continues to drop as the reflected shock travels back toward

the contact surface. Notice that the velocity behind the

shock is zero. At the left boundary as the head of the

expansion wave reflects, pressure and density continues to

drop while velocity is zero at the boundary. The density
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distribution shows that the contact surface and shock are

about to cross. The program terminated and issued a message

before the next output call was made, when the code

determined that the contact surface and shock would cross.

The exact density distribution compared with the ccr: .- e

density distribut'on in Fig. -;.4 clearly shows the shc-: ln

Vcontact surface are modeled very accurately with a -mei im

mesh. The expansion process, consisting of inflnltesimal

changes propagating along the characteristics is fair'-: well

modeled. Figure 4.5 shows that tracking of the contact

surface and shock wave, in comparison with exact locations at

set times, is excellent. Using q- and q- based on :cnai-

tions behind the burst diaphragm 3s estimates of the

velocities Df the nead and tail of tne expansion wave

respectively results in positions of the head and tail

slightly different from those of an exact Riemann 3olver

code Ref. 3'. The exact ccde is based Dn a method g iven n

-Ref. 9:pp. 181-191"'. However, an examination of the

'tabulated output showed that the solution method predi:ted

changes in the gradients to occur at similar locations to

those computed using the q*A and q-A estimates. Consequent-

ly, while there may be some inaccuracy in the numerical

solution, the method of tracking the head and tail of the

expansion wave is acceptable.

The ability to reproduce the same conditions but with

flow to the left is demonstrated clearly in Fig. 4.6. The
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entropy, density, velocity, and pressure distributions are

mirror-images of those for the case of high pressure on the

left.

Test Case 2 results in Fig. 4.7 show that at time zero

with a pressure ratio at the boundary of 4, which is lower

than the preset value inside the tube of 5, an expansion

wave traveling inwards is generated. Outflow is seen in the

negative velocity distribution developing near the left

bcundary, where negative velocity implies flow traveling to

the left. The contact surface and shock are clearly formed

to the right of the off-center diaphragm, and travel to the

right. The expansion wave generated at the diaphragm

travels to the left and intersects with the expansion wave

generated at the left boundary. The pressure distribution

shows the propagation of these waves as the pressure drops

behind the head of each wave. With conditions reversed, so

that the high pressure is to the right of the diaphragm, :rne

results in ;ig. 4.8 are a mirror-image with ve! c--.,

negative for flow to the left, and positive for the outtlow

to the right.

Test Case 3 results in Fig. 4.9 demonstrate tha-

shock wave meeting an open boundary where the press' -_

held constant, is correctly computed to exit the tu:f

density distributicn shows the jl.&p ,ncreis- -

shock, then another jump increase a-rcss t .,

surface. Then density piunges -own as .I
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travels back into the tube when the shock exits. The

pressure ratio at the open right boundary was held at unity,

as seen in the pressure distribution which, at the boundary

behaves similarly to the density distribution. The pressure

at the boundary would be required to increase as the shock

passed by, however the enforcement of the constant pressure

locally causes an expansion wave to form traveling to the

left. The entropy remains constant, at the value behind the

shock, from the boundary back to the contact surface. There

is a jump in entropy across the contact surface. The

velocity distribution shows that as the shock travels to the

right, the velocity jumps up. When the expansion wave

generated at the right boundary travels inward the velocity

continues to increase in magnitude while flowing to the

right. The expansion wave generated at the diaphragm can be

seen traveling to the left in the plots of pressure,

density, and velocity. Reversing the situation and

computing conditions for flow to the left, in Fig. 4.10,

results in a mirror-image in the pressure, density, and

entropy distributions. The velocity becomes negative since

flow is to the left.

Test Case 4 is a repeat of the first test case but with

a pressure ratio of 3.2 and a fine computational mesh. In

Fig. 4.11 the density steps up across the shock and contact

surface as they travel to the right. When the shock

reflects the density jumps again. The velocity distribution
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shows that the velocity drops to zero behind the reflected

shock, after it had jumped up across the shock when it was

traveling to the right. The instability seen in the

velocity and pressure distributions near the midpoint

occurred during the first 100 time steps. A numerical

instability appears to generate at the diaphragm at time

zero for pressure ratios less than about 3.0 which can be

severe. For the conditions in this test case the transient

instability damped out after the first 100 time steps. The

shock, contact surface, and expansion wave are nevertheless

seen to be accurately modeled. Figure 4.12 demonstrates

that reversed conditions result in mirror-images of the

computed conditions.

B. CURRENT LIMITATIONS OF THE CODE ElDV2

The current limitations of the ElDV2 code for modeling

quasi-one-dimensional inviscid flow are in two categories.

First, there are numerical limitations in obtaining

solutions with the present code for different initial and

boundary conditions. Second, the present coding limits what

flow situations can be treated.

* The numerical instability which occurs at low pressure

ratios during the first few time steps can be severe. The

assumption in the current code is that the shock forms

immediately, which at high pressure ratios does not pose any

problems. The mathematical modeling of the bursting
diaphragm "DBURST" adequately reduces the

9in subroutine
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transient instability for high pressure ratios, but not for

low pressure ratios.

A second rather different numerical limitation was

identified in numerically detecting the location of the head

and tail of the expansion process. Because the expansion

process is not a sharply defined front, fixing the precise

locations of the head and tail waves numerically at a given

time is difficult. However, the method currently used does

accurately track the computed propagation of the wave along

the characteristics. The characteristics are modeled

currently as straight lines. A higher order curve would

describe them more accurately.

The current code is limited to tracking two discontinui-

ties and the expansion wave (i.e., a shock and a contact

surface). Thus any situation which would generate another

discontinuity can not be computed. The code can determine

when this will occur, and will issue a message explaining

the situation before terminating. Thus the shock colliding

with a contact surface will currently terminate the program.

A boundary pressure that is higher than the pressure inside

the tube would also create a compression wave or possibly a

shock wave. This condition will also terminate the program.

Simulation of the process of a shock forming over .an

extended distance and time as compression waves pile on top

of each other and strengthen, would also require additional

code.
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Finally, the variation of gamma that occurs across the

contact surface in a wave rotor cannot be handled currently

since ElDV2 assumes a single constant gamma throughout.
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VI. CONCLUSIONS

Towards the development of a one-dimensional code for

wave rotor applications, methods for tracking and correcting

conditions across a contact discontinuity, applying open and

closed-end boundary conditions, accounting for shock wave

and contact surface interaction were devised and were

presented here in detail. The EULER1 Fortran Code [Ref. 2]

was revised to become the EIDV2 code with the following

additional capabilities:

1) tracking of the contact surface and expansion wave

2) imposing high pressure initially on the right side of
the diaphragm

3) correct jump conditions across the contact surface

4) allow open boundary conditions with constant pressure
specified and allow exiting of shock and expansion
waves

5) allow closed boundary conditions and model shock and
expansion wave reflections

6) improved numerical accuracy from time zero to the

maximum time step.

The code was tested on the shock tube problem under four

different initial and boundary conditions with excellent

results.

The following extensions are recommended to make the

code suitable for wave rotor applications:

1) Solve the Riemann problem at the moment when the shock
and contact surface intersect
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2) Add additional code to track more than two discontinu-

ities and one expansion wave

3) Incorporate a variable value of gamma into the code

4) Update the characteristic curve approximation from
linear to a higher order polynomial

5) Add code necessary to handle open boundary conditions
with inflow

6) Improve on the numerical computation at time zero for
low pressure ratios across the diaphragm

7) Enable boundary conditions to be variable during
program execution to allow wave rotor cycle design

8) Compare computations using the code with experimental
data where available

9) Extend the code to two dimensions.

These extensions may require various degrees of effort.

However, the ability of the QAZID solution method to be

extended rather simply to describe viscous multi-dimensional

flow suggests that such efforts would be justified.

-p
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APPENDIX A

DERIVATIONS OF EQUATIONS

A. LIST OF VARIABLES

A Speed of sound

C p Specific heat at constant pressure

Cv Specific heat at constant volume

e specific internal energy

h Specific enthalpy

P Static pressure

Q Modified Riemann variable

qR Reversible heat transferred

q Velocity magnitude

R Modified Riemann variable

RG Gas constant

S Modified entropy (non-dimensional where S = SRG)

T Static temperature

t Time

u Velocity relative to a standing shock wave

v Specific volume

W Incoming Mach Number relative to a stationary
shock wave

w Work

P Density

-t Ratio of specific heats
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B. DERIVATION OF SHOCK JUMP EQUATION FOR HIGH PRESSURE ON

THE RIGHT

The analytical equation relating the non-dimensionalized

extended Riemann variable, R, change through a normal shock

is derived below similar to that for the Q variable change

when high pressure is on the left [Ref. 2 :Appendix A].

Figure A.1 shows a shock moving to the left with

velocity Vs . Subscript A is always associated with

parameters to the left of any discontinuity, and B with

those on the right. To enable normal shock relations to be

used the system requires a velocity in the opposite direc-

tion but of equal magnitude be imposed upon it. The

coordinate system was defined such that vectors, such as

velocity, directed to the right are positive while those to

the left are negative.

V
S

7

q/ qb U =q-V ub q  -V.4( S b s

a b b

unsteady steady

1

Figure A.1 Shock Wave with High Pressure on Right
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Since relative incoming Mach Number, w, relates the

velocity downstream, or that region into which the shock is

traveling, to the speed of sound in that region [Ref. 10:pp.

114-154] then

W = - UA (Al)
A A

w is a positive value because qA, though negative, is small-

er in magnitude than the equally negative shock velocity,

Vs . The speed of sound, A, is positive by definition.

The appropriate extended Riemann variable in this case

is R, defined as

R = q - AS (A2)

Since q is negative, this can be rewritten as

R = -(jql + AS) (A3)

to emphasize that R is the Riemann variable associated with

the lesser change across the shock [Ref. 3:pp. 18-21]. We

adopt the pattern of non-dimensionalizing velocity by the

speed of sound, pressure and density by corresponding values

downstream of the shock. Using the entropy S, defined by

Verhoff [Ref. l:p. 2] as
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S 2 1 n 
(

Y-1 y('-l) (A4)

then

___ q B-A BSB q -AASA

A A AA A A

q -q A A B
- A A + SA - FA B+A

qB -qA 1 p y)
A y-1 y (y-1 ln A A)y

- AB B1 ln 1 (rBPA)

'FA A 1

+1-eT [y- + (T) In (A5)
A A A A Y- APA

The ratios of pressure, density, and sonic velocity across a

normal shock from Zucker [Ref. 7:p. 151] and Shapiro [Ref.

10:p. 118] in terms of Mach Number are

PB 2Yw 2  y-1 (A6)
PA 7$ - -

B (y+l >q2  (A7)
PA (y- l yd 2 +2

A2 1/2
T- __+L,2 [2w _1]] (8

'A (y+l4 (2 (Y-1) [i 2  (A8)

The first term on the right side of equation (A5) can be ex-

pressed in terms of w by applying simple continuity in mass.
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PAUAAreaA - PBUBAreaB (A9)

Taking the areas as equa this becomes

,.-A UB _ (-l)w 2+2 (Al0)
B A (Y+l)w2

By subtracting one from each side

uB- 1 Y-1 w 2 + 2_1

uA (y+l)w 2

UB -UA = (y-l)w2 +2 - (y+l)w 2

UA (y+l)w2

-B uA 2 (All)

UA (y+l)w

Substitute equation (Al) for uA to get

uB -'UA 2(1 -w2)

wA (y+1) w2

UB -UA 2(1 -w 2 ) (A12)
AA (Y+l)w

thus

qB -Vs -(qA-Vs _ 2(1 -w 2 )

A A (y+l)w

qB -qA 2(1 -w 2)
A (+)w(A3)
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Combining equations (A6), (A7), (A8), and (A13; r-

equation (A5) gives

"R- 2 -
+A 2(1-w ) 2 -)1 y-' 2] w2

Y+ 7y- -)I (y+ w (2 - (y-)w2-2
A (y+l)w ++

2 , W~
+ Y+)(2 (y-l) [1. +-w-

1 [I( 2y1) w2 _ -1 (-~

1 2y -2 Yl) (- 2  VJ .
Y FY-7 --+-y(y+I)w

C. DERIVATION OF CONTACT SURFACE JUMP EQUATION

The analytical expression for the ratio cf s-r.

velocity across a constant surface is Jerived ,- --

The first law of thermodynamics is stated as

incremental work done
change f amount of + on the
internal energy = heat added + system by

I L to system surrsundlnq

or, in differential form

de = 3qR +W (AI

*Internal energy is defined as

e = h - pv (A16)

then
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de = d-pdv - vdp (A17)

The incremental work is given by

W= pdv (A18)

The heat addition is determined from the definition of modi-

fied entropy,

1 dq R
dS TY T

dqR = - yTdS (A19)

Substituting equations (A17), (A18), and (A19) into equation

(A15) yields

dh - pdv - vdp = -yTdS - pdv

Canceling like terms, and rearranging gives

dp = )ITdS+ (i dh (A20)

Enthalpy, h, is defined as

h CPT (A21)
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For a perfect gas the sonic velocity is given by

A (y (RGT) 1/ 2

thus

dA -~.tRQT1/2(dT/T) A2

Substituting equation (A21) and then (A22) into equation

(A20), equation (A20) becomes

Y 1t
dp ! TdS + ()d(C T)

STds- + ()Cd

- XTds- + 1 2d

For an ideal gas,

Y =Cp/ Cv

and

=P Cv + RG

Combining these two equations, and rearranging
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C RIG(~ (A2 4)

Substituting equation (A24) into equation (A23), and

observing that pressure remains constant through the contact

surface

T -y !(R,(2y )) dA =0 (A25)
V V Y- A

Eliminating T/v, equation (A25) becomes

2I)dS/G dA (A26)

Then S/RG becomes a non-dimensionalized entropy. Using the

notation of S = S/RG now for the non-dimensionalized form,

so that by integrating both sides

2 ~B ~ B
TT dS - T

A1 A /

-:1SB -SA] A B

which can be written as

AA/AB = ep2 1 SBSA)) (A27)

Definitions used in this development, excluding modified

entropy were from [Ref. ll:pp. 87-125].
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D. DERIVATION OF EXTENDED RIEMANN VARIABLE CHANGE ACROSS A

CONTACT SURFACE

An analytical expression for the change in the non-

dimensionalized extended Riemann variable, Q, across a

contact surface traveling right is derived here. Figure A.2

depicts a contact surface moving right with velocity q.

contact surface shock

Entropy

A' B' A B

S

1+1! x

Figure A.2 Contact Surface Traveling Right
Subscript Notation

Values of parameters to the left of the interface are

denoted by subscript A', and those to the right with sub-

script B'. As illustrated, parameters to the left of the

shock have subscript A, and to the right subscript B. All

velocities are non-dimensionalized by sonic velocity

immediately downstream of the discontinuity. Thus using the

definition of the extended Riemann variable,

110

U ,



Q q+ AS (A28)

then

RA - %,' = +AASA, - , +AB,SBI

qI~ At-B' +A AD (S (A29)-- A,- , A Be, - %,+ 7- ,)- s , '-

Since velocity is constant through a contact surface, so

that

qA' = qB'

then equation (A29) becomes

QAI -QB' A At
ABe, - uSB-

Using equation (A27), this can be written

QA , - 2 BI sA ,-) (A30)

Multiply each side by AB,/AB , and since AB, = AA then

QA - (exp SBSA) HSA-B, (AA/A) (A31)
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For a contact surface traveling to the left, as

illustrated in Fig. A.3, the derivation is entirely similar but

shock contact surface

Entropyj A B A' 5'

S

X ~1+1

S_______

Figure A.3 Contact Surface Traveling Left
Subscript Notation

using the R, extended Riemann variable with the result

exp ) (sA ,-sB , ) AB
T'5'_ B# T,-SA1() A2
A A

E. DERIVATION OF OPEN BOUNDARY CONDITIONS WITH CONSTANT

PRESSURE

The equation for density and temperature ratios in terms

of pressure and entropy are derived below. The definition

of modified entropy in non-dimensional form is

'[,.s - 2 1 (P)
- 9yT ln -) (A33)
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where P and p are non-dimensionalized ratios. Then

(S-~k(-y (y-1)) ln 1(P/p)

or

HS -2 )(-y (Y-1))]

Rearranging,

py JP- p[( -s. ) (-Y (y-1))J

thus

2

Using the perfect gas law,-

p - f-(exp :E)(Y(-) -/

P-Y 1 (ep(S 7 )(-Y (Y-1))

multiply each side by T and divide by p-Y then
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T = (-Y(Yep l))

thus 1 (S -- 2y1-

T = p Y1 exp (y (1 ] (A3 5)
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APPENDIX B

OPERATION OF EIDV2 ON THE NPS VM/CMS SYSTEM

A. TERMINAL REQUIREMENTS

Terminal requirements depend on the desired output. Any

terminal, such as the IBM 3278, connected into the VM/CMS

system is adequate for a tabular listing or Disspla Metafile

of data. The Disspla Metafile stores graphical data for

display using DISSPOP commands. If output of the plots on a

monitor screen is desired, an IBM 3277-TEK618 dual screen

terminal must be used. Table B.I lists terminal require-

ments for different outputs.

TABLE B.I

TERMINAL AND OUTPUT

OUTPUT TERMINAL

Tabular listing of data Any terminal

Graphical data in format
for VERSATEC printing Any terminal

Graphical data plotted
on screen IBM 3277-TEK618

B. PROCEDURE

1. Editing Variables and Program Setup

To change the initial and boundary conditions,

graphical output, and grid size to run the program under
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different conditions, the following must be done. First,

pick the appropriate terminal from Table B.I and log on.

Enter the editor by issuing the command

x ElDV2 FORTRAN A

Table B.II lists the code variables that will require

editing and their meaning. In addition, to these variables

if graphical plots are to be outputed then enter the

"BORDER" and "EXACT" subroutines and edit the lines:

"FIRST ORDER N = ???"
"DENSITY RATIO = ??? TEMP RATIO = ???"
"PRESSURE RATIO =???"

To issue the output graphs to the screen comment out the

lines "COMPRS", and use

CALL TEK618

Otherwise, if a Disspla Metafile of the graphics plot is

desired, comment out the "TEK618" line, and use

CALL COMPRS

These lines are in the "Set up graphics plot of variable"

loop in the main program.

To store these changes, hit the enter key, and type

"file". Select the enter key once more. The program is now

ready to be compiled and executed.

2. Commands

To compile and execute the ElDV2 code on the VM/CMS

system perform the following commands exactly as typed:
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TABLE B.II

EDITABLE VARIABLES

variable Ei

DIMENSION statement set the dimension of the arrays
for arrays A(N),..., equal to the number of nodes
XARRAY(N) in the grid

N set to the number of nodes in the
grid

GRAPHS set to: 0 for tabular listing of
data

1 for plot of density,
entropy, pressure and
velocity distributions

2 for plot of exact density
distribution compared to
computed density
distribution

SKIP set to number of time steps between

calls to output routines

JSTOP set to maximum number of time steps

TRI set to initial temperature ratio
across diaphragm

PRI set to initial pressure ratio across
diaphragm

DRI set to initial density ratio across
diaphragm

QLI set to initial velocity left of
diaphragm

QRI set to initial velocity right of
diaphragm

LBDPRI set to initial pressure ratio
across left boundary

LBDTRI set to initial temperature ratio
* across left boundary

LBDORI set to initial density ratio across
left boundary
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-. 7 r

TABLE B.II (CONTINUED)

RBDDRI set to initial density ratio across
right boundary

RBDPRI set to initial pressure ratio across
right boundary

RBDTRI set to initial temperature ratio

across right boundary

G set to desired value of gamma

EE set to desired error tolerance for
calculation of characteristic slope
(i.e., 0.1D-8)

LWPRES set to: 2 for low pressure on right
side of diaphragm

3 for low pressure on left
side

LBNDRY set to: 1 for closed boundary
I RBNDRY 0 for open boundary

LBDPRS set to: 0 for constant pressure at
RBDPRS left boundary

1 for pressure that adjusts
at the left boundary

XINIT set to location of diaphragm

VHEAD set to exact velocity for head of
expansion wave

VTAIL set to exact velocity for tail of
expansion wave

VCDE set to exact velocity for contact
surface

VSE set to exact velocity for shock
wave

DLCD set to exact density behind contact
surface

DLSH set to exact density behind shock
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TABLE B.II (CONTINUED)

SIGMA(1,2) set to diaphragm location (i.e.,
SIGI4A(2,2) O.5D00)
SIGMA(3,2)
SIGMA(4,2)

Y There are four cases where Y
appears in the program
edit as follows:
Comment out Y = (Integer#), use:
first, Y = (N+1)12 if LWPRES = 2
second, Y = (N+3)/2
and
third, Y = (N-1)12 if LWPRES = 3
fourth, Y = (N4-1)12
for diaphragm at 0.5
Comment out those above, if dia-
phragm at another node. Set
first, Y = (Integer #) of node for

LWPRES = 2
second, Y =# + 1)
and

third, Y =(Integer # -1) of node

fourth, Y=(#
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1) Increase the virtual memory by entering

DEFINE STORAGE IM

2) To return to CMS environment enter

I CMS

3) To compile the program enter

FORTVS ElDV2

The screen will display messages as it compiles each
routine and when finished a ready symbol appears.

4) To execute the program, enter

DISSPLA ElDV2

-~ The message

... YOUR FORTRAN PROGRAM IS NOW BEING LOADED...

... EXECUTION WILL SOON FOLLOW...

should appear, followed by

...EXECUTION BEGINS ...

If at a TEK618 terminal with GRAPHS equal to 1 or 2

then the screen on the TEK618 will begin plotting the

selected graph. A

...press ENTER to continue...

message will appear on the 3277 terminal. If a copy of the

plot is desired, do so now before pressing the enter key.

After pressing the enter key on the 3277 terminal, the plot

will be erased and the program will terminate. Proper

termination will result in

END OF DISSPLAY 9.2 #### VECTORS IN 1 PLOT...

appearing, followed by a ready message.

%a
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If GRAPHS was set to 0, then proper termination

would be a ready message. The tabular listing of pressure,

density, velocity, entropy, and Riemann variables will be in

"FILE FT09FOO1." The exact location of the shock, contact

surface, and expansion wave with elapsed time will be in

"FILE FT08FOO1." The computed location of the shock,

contact surface, and expansion wave with elapsed time will

be in "FILE FT1OFOO1."

A second method to compile and execute the program,

plus provide the files with a name is to create the follow-

ing EXEC file on the user's disk.

F1 9 DISK FILE09 LISTING A(PERM
FI 10 DISK FILE10 LISTING A(PERM
FI 8 DISK FILE08 LISTING A(PERM
FORTVS &l

A possible file name and required file type would be

RUN EXEC

To compile the program and define the output files, enter

RUN EIDV2

After compiling is finished, and the ready message appears,

enter

DISSPLA EIDV2

The program executes as outlined before.
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APPENDIX C

Flowcharts for major routines in ElDV2 are shown.
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shock velocity

call EXTRA P

call SKJUMP
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call MfTERP
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Figure C-2 (continued)
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Figure C.3 (Continued)
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Figure C.3 (Continued)
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calculate slt ri(2.2)
at new t=m

update TIME

Ue aclt

Figures calcContnued
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b

Figure CA "SWEEP" Subroutine Flowchart
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ab c

calculate dwv

calculate z

Integrate z

9 I
RRSTEP.SSTEP.

RRSTEP - 0
QOSTEP - 0
SS'TEP - 0

no

call "bondry-
(for right boundary)

update variables to new-time

I

Return

Figure CA4 (Continued)
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-4 Input Data

I calculate
initial estimrate
of LMfDQl)

calculate inter p latedt
* values of q and? A

at point A

calculate E(l), errc;',

set LMD - new siooe

-IIs

calculate interpolaite

ao,,nT,RRmfT.siflT

E calculate
spatial derivatives

Return

* Figure C.5 General "COND1, 2, 3, and 5"1 Subroutine Flowchart
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setu setcl

Rnode1= thed()f

Rnoe(~ = ritcr, e Lride() cnac

Rnode(l) =JI Lnode(1) = I

.d.0

Figure C.6 "COND4"1 Subroutine Flowchart

135



CE ED
def ine statement

functions

two node
Inode. yes to correct, no

shock nni
ox or and snocx/c.s

contact IV ? interaction

no
yes

'11,111110 1', i:<Je y es
to correct ?

no

set variables

shock - 322 Of 32 1 ye correct
Oncl cntact - 32 Inode

no

shock -232 or 23 1 y e correct
and cntact - 322 Inode

no

shock - 22:2 or 321 es
and cntact - 321 or 322 correct
or shk - 232 and cnt - 32, Inode

no

shock - 332 or 23 1 iUj e
and cntact - 232 or 23 1 correct
or shK - 322 and cnt 023 Inocie

no

C

Figure C.7 "COARCT" Subroutine Flowchart
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a b c

Inode and mode
Interacti~onT

Ind(3) 21

no n

Ce ysI orc
Ind()-3 1 nd.)-10 nd n

Inod Figure 100 (Cotne)2md

An
no3



aC

cn c - 2-nd



Input Data-

calculate P2

deterr n e

prit Sateentyebosed ounar

F i u r C b o n d r y " S b o t n 
F l w h r

Nn

set vaue 139



b c a

yU e

C ALL "SKJUM P

a-1

n

call Pcond 1"

calculate z

FigreCa8 (contid)
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b 
di 

e

F- IntegratezT

solve for

vlues at new

time level

store solution
in riEWRR(n)
flEWQQ(n)
flEWS(n)

boluat PR t yeud sr
fromnor neode]ue

Figur cs (n tined

.yes

shc cosng ysupit

bondr phno

n14



Irput Data

calculate DELTWL

(-calCulate DELTE77

calculate DO over
reflected shockJ

calcula

calculate
ARIPROR across
shock

calcuIl te S apdA
be in a shoc

calcvlate iem nn

calculate new Vs

ii

Figure c.9 "SRFLCT"1 Subroutine Flowchart
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APPENDIX D

ElDV2 EORTRAN LISTING

C 0 EULER-ID
C a VERSION Z
C 0 ElOYZ I 0

C 0 0
C 0 THTS PROGRA" SOLVES THE EULER EQUATIONS 0
C 0 EXPRESSED IN A QUAZI-ONE DIMENSIONAL 0
C STREAMLINE COORDINATE SYSTEM. 0
C 0 0
C 0 AUTHOR - LT. D.T. JOHNSTONFEB 1987
C 0 0
C 0 0

C 0 BASED ON THE EULER1 CODE BY 0
C 0 T.F. SALACKA, DEC 198S 0

C 0 FEATURES OF THIS VERSION It)
C 0 * ORDER OF SPATIAL DERIVZTIVES - FIRST 0
C 0 # NUMBER OF SPATIAL DIMENSIONS - ONE 0
C * * DISCONTINUITIES TREATED: 0
C 0 SHOCKS - YES
C 0 CONTACT DISCONTINUITIES - YES 0
C 0 EXPANSION NAVES - YES 0
C * 4 HIGH PRESSURE SIDE
C 0 LEFT - YES
C 0 RIGHT - YES

C
C *

C CONVENTIONS AND DEFINITIONS 4
C

C

C N----- NON-DIMENSIONING CONVENTION -----------
C
C ALL VELOCITIES NON-DIM. BY THE SOUNO SPEED ON
C THE LOW PRESSURE SIDE OF THE DIAPHRAGM.
C ALL PRESSURES, DENSITIES, AND TEMPERATURES ARE
C NON-DIt. BY THEIR INITIAL VALUES ON THE LOW
C PRESSURE SIDE OF THE DIAPHRAGM.
C SPACIAL DISTANCE IS NON-DI.BY OVERALL LENGTH.
C ENTROPY IS NON-DIM. BY THE GAS CONSTANT, R.
C TIME IS NON-DIM. BY (LENGTH/SOUNO SPEED).
C VELOCITIES A140 DISTANCES ARE DEFINED POSITIVE
C TO THE RIGHT.
C
C --------- SUBSCRIPT NOTATION ----------------

c I - SPACIAL NODE I1 TO N FROM LEFT TO RIGHT)
C J - TIME LEVEL I0 IS THE INITIAL CONOTTION)
C K - DENOTES WHICH CHARACTERISTIC NAVE IS BEING
C DEALT NITH:
C I a Q*A t*Q a 3a-A
C L - DENOTES wiIrCH TYPE OF DISCONTINUITY IS
C BEING OEALT WITH:
C I a SHOCK 2 a CONTACT DISCONTINUITY
C 3 a HEAD OF EXPANSION WAVE
C 4 * TAIL OF EXPANSION HAVE
C
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c
C A - SPEED OF SOUND
C *A - DENOTES THE VALUE OF A VARIABLE AT THE NODE
C TO THE LEFT OF A DISCONTINUITY. * CAN
C BE ANY VARIABLE NAME.
C AR - THE RATIO OF SOUND SPEED ACROSS A
C SHOCK, A/ItSHOCK MOVING RIGHTIPB/A(SHOCK MOVING LEFT)
C *B - DENOTES THE VALUE OF A VARIABLE AT THE NODE
C TO THE RIGHT OF A DISCONTINUITY.
C BORY - 3 DENOTES LEFT BOUNDARY,2 THE RIGHT BOUNDARY
C COUNT - COUNTER FOR GRAPHICS ROUTINES
C DARRAY - ARRAY OF DENSITY FOR PLOTTING
C DELT - TIME STEP
C OLCO - DENSITY BEHIND THE CO'TACT
C DISCONTINUITY IN THE EXACT SOLUTION.
C DLSH - DENSITY BEHIND THE SHOCK IN THE
C EXACT SOLUTION.
C DQ - THE JUMP IN VELOCITY ACROSS THE SHOCK
C DIVIDED BY THE SO"JIO SPEED AT B(RIGHT) OR AILEFT)
C DRI - INITIAL DENSITY RATIO ACROSS THE SHOCK
C EE - DESIRED PRECISION FOR CHARACTERISTIC CALCULATIONS
C a - GAMMA (RATIO OF SPECIFIC HEATS)
C GRAPHS - FOR GRAPHICAL OUTPUT, OsNONE (TABULAR)
C 1sPLOTS ALL VARIABLES
C ZaCOMPARES DENSITY WITH EXACT SOLUTION
C Si - 1/IG-i)
C G2 - 2/(G-l)
C H - 1/IN-1)
C HALT - TERMINATES PROGRAM IF 1,SET BY CONDITIONS NOT CODED
C IZ - NUMBER OF THE NODE TO THE RIGHT OF A
C DISCONTINUITY.
C JSTOP - NUtIBER OF TIME LEVELS TO BE CALCULATED
C LBOOR - LEFT BOUNDARY DENSITY RATIO
C LBDDRI - LEFT BOUNDARY DENSITY RATIO AT TIME ZERO
C LBDPR - LEFT BOUNDARY PRESSURE RATIO
C LBDPRI - LEFT BOUNDARY PRESSURE RATIO AT TINE ZERO
C LBOPRS - VALUE OF 0 DENOTES CONSTANT PRESSURE AT LEFT BOUNDARY
C ,1 DENOTES ADJUSTABLE PRESSURE AT THE LEFT BOUNDARY
C LBOTR - LEFT BOUNDARY TEMPERATURE RATIO
C LBOTRI - LEFT BOUNDARY TEMPERATURE RATIO AT TIME ZERO
C LBNDRY - DENOTES LEFT BOUNDARY CONDITION, OPEN OR CLOSED
C LNODE - ARRAY OF LEFT HOST NODE TO BE CORRECTED IN CORRCT
C LHPRES - DENOTES WHICH SIDE OF DIAPHRAGM HAS LON PRESSURE
C N - NKlRBER OF SPACIAL NODES ODD NtBERI
C NO - DOUBLE PRECISION VALUE OF N
C NEI4**(I)- STORED VALUES OF M* FOR THE NEXT TIME LEVEL
C PARRAY - ARRAY OF PRESSURES FOR PLOTTING
C PRI - INITIAL PRESSURE RATIO ACROSS THE SHOCK
C PLTCNT - COUNTER FOR GRAPHICS ROUTINES
C Q - ABSOLUTE FLUID VELOCITY
C QARRAY - ARRAY OF VELOCITIES FOR PLOTTING
C QLBD - INITIAL VELOCITY AT LEFT BOUNDARY
C QLI - INITIAL VELOCITY LEFT OF THE DIAPHRAGM
C QRSO - INITIAL VELOCITY AT RIGHT BOUNDARY
C QRI - INITIAL VELOCITY RIGHT OF THE DIArHRAG
C QQ - Q+A*S (EXTENDED RIEMANN VARIABLE)
C RBDDR - RIGHT BOUNDARY DENSITY RATIO
C RBDORI - INITIAL RIGHT BOUNDARY DENSITY RATIO
C RBDPR - RIGHT BOUNDARY PRESSURE RATIO
C R8OPRI - INITIAL RIGHT BOUNDARY PRESSURE RATIO
C RBDPRS - VALUE OF 0 DENOTES A CONSTANT PRESSURE AT RIGHT
C BOUNDARY, HHILE 1 IS FOR ADJUSTABLE PRESSURE
C RBDTR - RIGHT BOUNDARY TEMPERATURE RATIO
C RBOTRI - INITIAL RIGHT BOUNDARY TEMPERATURE RATIO
C RONORY - DENOTES RIGHT BOUNDARY OPEN OR CLOSED
C RNODE - ARRAY FOR RIGHT MOST NODE TO BE CORRECTED IN CORRCT
C RR - Q-A*S (EXTENDED RIEMANN VARIABLE)
C S - ENTROPY

C SARRAY - ARRAY OF ENTROPY FOR PLOTTING
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C SIGMA - SPATIAL LOCATION OF DISCONTINJITIESC SIGMA(LJ3 WHERE L INCICATES THE TYPE OF

C DISCONTINUITY AND J INDICATES THE
C TIME LEVELs I - CURRENT LEVEL
C 2 - LEVEL BEINg CALCULATED
C SK - INTEGER THAT DENOTES RELATIVE LOCATION OF SHOCK NEAR
C BOINDARIES
C SKIP - VARIABLE WHICH INDICATES HOW MANY TIME STEPS BETWEEN
C CALLS TO OUTPUT ROUTINES
C T - TIME SINCE INITIAL CONDITIONS
C TRI - INITIAL TEMP. RATIO ACROSS THE SHOCK
C VHEAD - VELOCITY OF THE HEAD OF THE EXPANSION
C HAVE FOR THE EXACT SOLUTION.
C VTAIL - VELOCITY OF THE TAIL OF THE EXPANSION
C WAVE FOR THE EXACT SOLUTION.
C VCDE - VELOCTIY OF THE CONTACT DISCONTINUITY
C FOR THE EXACT SOLUTION.
C VS - THE SHOCK SPEEDIPOSITIVE RIGHT, NEGATIVE LEFT)
C VSE - VELOCITY OF THE SHOCK FOR THE EXACT
C SOLUTION.
C W - MACH NO. RELATIVE TO A STANDING SHOCK
C XARRAY - ARRAY OF SPATIAL POSITIONS FOR PLOTTING
C XEXACT - ARRAY OF SIX X VALUES FOR THE EXACT SOLUTION.
C XINIT - INITIAL POSITION OF DISCONTINUITY FOR
C EXACT SOLUTION PLOTTING.

, C XZ - LOCATION OF NODE TO RIGHT OF DISCONT.
C ALONG THE SPACIAL AXIS.
C Y - 1N+I1/Z
C YEXACT " ARRAY OF SIX DENSITY VALUES FOR THE EXACT SOLUTION.
C
C * OTHER VARIABLES ARE DEFINED IN THE
C SUBROUTINES WHERE THEY ARE USED w**
C

" .C *4**+44+**+4+**+*++..++*.** ++++. ++++++++++*
". C 4

C * PROBLEM SET - UP
C
C .. 4..+...+.e.++ +e. +..•+..........
C
C THE PARTICULAR PROBLEM FOR THIS VERSION IS:

C
C SHOCK TUBE, SINGLE CENTERED DIAPHRAGM WITH
C HIGH PRESSURE SIDE TO THE RIGHT.
C
C BOUNDARY CONDITIONS - LEFT END CLOSED,RIGHT END OPEN
C
C --------- VARIABLE DECLARATIONS
C

DIMENSION IZ(4),X2(4.),XEXACT(6),YEXACT(6),LNODE(4),RNODE4I,
C SIGMA[4,Z)

C
C *..*.44 USER INPUT REQUIRED HERE *............+•
C
C ----- SET THE DIMENSIONS EQUAL TO N ----
C

DIMENSION A( 101) ,Q! 101 ) ,QQI 101) ,RR( 101)P ,S 101),
C NENRR(101),NEWS(101),NEWQQ(101),
C PARRAY1O1) ,DARRAY(101),SARRAY(101),
C QARRAY1101),XARRAY(101)

C
INTEGER I,J,N,JSTOP,Y,GRAPHS,COUNT,PLTCNT,BDRY,SKRBNDRY,

C SKIP,12 ,LHPRESHALT ,LNODE,RNODE,LBNORY,LBOPRSRBDPRS
DOUBLE PRECISION TRI,PRr,QLr,QRr,DR],G,G1,GZ ,SGtIAEE,NEQQ,

C DELT,HND,X2,AR,,DOQVS,T,A,QQQ,RR,S,NEHRR,NEWS,
C LBOPRILBOTRILBDDRILBOPR,LBODR,LBOTRQLBO,
C RRAQQAAA,SA,QA.RRB,QQB.AB,ZB.B,
C RBOPRI ,RBDTRI,RBDDRI ,RBOPR,RBOOR,RBOTRQRBD,
C QCS,VTEHWVHEW
REAL VTAILVCDE ,VSE ,DLSHDLCDXINITVHEAD,
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C XEXACT ,YEXAC1 ,PARRAY ,DARRAY .SARRAY ,QARRAY ,XARRAY
COMMONt AR*DQIIVSPN

C --- ENTER THE APPROPRIATE VALUES BE LOM ---

Na 101
GRAPHSa1

C
C --- FOR GRAPH a 1 OR 2 MUJST ENTER CHANGES IN SUBROUTINE---
C BORDER AND SUBROUTINE EXACT --
C --- LINES "FIRST ORDER N a ??
C --- "DENSITY RATIO s ? TEMP RATIO z
C --- PRESSURE RATIO 2
c

SKIPz18
JSTOP=1O1

TRIml.O0000
PRI4S. 0000
DRIUS. 0000
QLI=O .0000
QRI2O.0D0O
LBOPRI a 1.000
LBOTRI a 1.000
LBODRI a 1.000
RODRI = 1.000
RBOPRI a 4.000/5.000
RBOTRI a 1.000
Gxl. 4000
EEzO. 1-8

C
C ------ DENOTE LOW PRESSURE SIDE BY SETTING --
C ------ INPRES z 2 IF L0ON PRESSURE ON RIGHT
C ------ LNPRES a 3 IF LON PRESSURE ON LEFT
C

INPRES a3

C ------ SET BOUN4DARY CONDITIONS BY SPECIFING OPEN OR CLOSED --
C ------ ISNORY: OPEN c 0, CLOSED z 1 (FOR LEFT BOUNDARY) --
C ------ IF OPEN SPECIFY IF PRESSURE IS TO BE MAINTAINED AT LBDPRI --
C --- OR IF IT CAN ADJUST TO PREVENT ANY HAVES FORMIING AT THE BOUNIDARY-
C ------ LBOPRS: CONSTANT v 0, ADJUSTABLEaI---
C ------ DO THE SAME FOR RIGHT BOUNDARY; RBNORY,RBDPRS --
C

LONDRY x1
L90PRS x 1

RBNDRY = 0
RBDPRS a 0

C-------------EXACT SOLUTION VALUES ------
XINIT*O.50
VMEAD: 1.0
VTAIL= 0.310557
VCDEz-.574487
VSEU-1 .402346
OLCDs2. 713115
DLSH1. 69344
SIGIA( 1,2 )=O.SOOOOOO1000
SIGlIAI2,2)x0.S500000 10
SIGMAl 3,2 )0.S0000001000
SIGMAI4,2 )=.50000001000

C
C *.....END OF USER INPUT AREA *s**

C

TzO.0000
1* 00 10 1=1,4

121 I =0
LNOOE IIJ ) 0
RNODE(I) u 0
X21I) 0. ODOO
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SIGMA(I,1 3.0.0000
10 CONTINUJE

NOROSLEL N)
Hal .DOO/INO-1.0OO)
DO 11 1210N

AlI 10.000
9(IJ80.0000
NENI I1.0O.0000
NEWRRlI 1.0.0
NEWS(I 1..0000
QARRAY(I 1:.0
PARRAYE I1)2.0
DARRAY(I 1:.0
SARRAYC I :0 .0
XARRAY( I )FLOAT( I-i ISNGLE H)

11 CONTINU.E

DELTm2 .0000
C LODITILEhAVAUSITNOELATOSIRTRONOE-
C--- 1 O IINT RIYMAND THLENTFOM N O N.OCTI FSOC DROES NOE---
C-STROA MIDPOINT ~ THEN FOUL BESE TO N OE IFER SHOCK E O-
C --- INIATIAL MIS-ITTE HUL ESTT OE HR HC --
C --- IIILYI --

AClO0
DQ~0 .0000
Ha. 0000
"2S.00000
QS.0DO0
VHEN:O. 000
VTEN:0.D00
G11~a.D0/G-.DO
0122.000/I G-l.000)

C ~ 200fGlD0
C----LNRH -
C --- FO IH --

IF HRSEQ21TE
IFLBORES.OR!.2)LTHEN
LBDR w PRI * LBOPRI
LBOTR a TRI * IBOTRI
LBO a QLI *LOR
RLBO x RBOI
RBOPR a RBOPRI
RBDTR a RBOTRI
RB0T z QRIOR

VRS s QRI1/
C =Y(N38 /

00 12 aa38
DO 12 2(1GVOOIR/ IDR )iWG)

QQI I)GQ(l+OSQRTI TR ~EI)DI)*
QRQI IQLI-OSQRTE TRI l*S II

1 CO41RR QIOQR(R)Sl
12 CONTI/U

C Y N+33/
DO 13=39,

00 1 1G2,

A QQI I 1QRI.S( I)
RR(I I QRI-Sl 1)

13 CONTINUE
ELSE

C
C ------ FLOW LEFT --
C

LB0DR a LBDDRI
LBDPR a LBDPRI
LBDTR a LBOTRI
QLBO a OLl
OOR a RBDDRI *f DRI

RBDPR z RBOPRI *f PRI
RBUTR a RBDTRI *f TRI
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ORSO a OR!
Y a (N-1)/2

4C Y a13
00 14 IzI,Y

SIIX IGZ
QQI I ) =QLI #S(I)
RRII)zQLI-S(I)

14 CONTINUJE
Y a [N+1)/2

C Y al4
DO IS IxY,N

SI I):G2-( Gl/G )*DLOGI PRI/I U R!I)**G))
QQ(I )=QRI.OSQRTI TRI )*S(I)
RR( I IQRI-DSQRT( TRI )*SI I)

is CONTINUE
END IF

C
C ------ SET UP GRAPHICS PLOTS OF VARIABLES---
C

IF (GRAPHS.GT.O) THEN
CALL COMPRS

C CALL TEK618
CALL HWROTE AUTO)
CALL HNSCAL('SCREEN')
IF (GRAPHS.EQ.2) THEN

CALL PAGE(11.O,8.5)
ELSE

CALL PAGE(8.5,11.O)
ENO IF
IF (GRAPHS.EQ.1) THEN
CALL BORDER IJSTOP)
END IF

ENO IF
HALT x 0
J=1
COUN'Tal
IF (GRAPHS.EQ.1) THEN

CALL PLOT(JJSTOPN,QQRRSHXARRAYPARRAY,
ROARRAY ,OARRAY ,SARRAY ,G ,G1 G2)
END IF

C
C ------ BURST DIAPHRAGM --

.1% C
CALL TIME(N,QQ,RR,S,OELT,HI
CALL DBURST(N,H,QRR,SwGG1,G2,DELT,12,X2,N,AR,DQ,VSLWPRES,

C SIGMA,ApQ)
C

IF (GRAPHS.EQ.OI THEN
CALL LISTIN,SIGMA,QQ,RR,S,GG1,G2,J,T,DELT,VS,QCS,VTEH,VHE,

C XINIT ,VHEAD ,VTAIL ,VCDE ,VSE)
END IF

C
C ------ BEGIN CALCULATION FOR JUMP TO NEXT TIME AND CONTINUE---
C ------ UNTIL EITHER JSTOP REACHED OR SHOCK MEETS CONTACT SURFACE---
C

16 IF (J.EQ.JSTOP) GOTO 18

C PLTCNTaJ/SKIP
CALL TIME(N,QQPRR,S,DELT,NI

C
CALL TRAK(N,SIGMA,H,QQ,RRS,G,GIGZ,DELT,IZ)(2,N,ARPDQVS,J,

C LHPRES,QCSVHEH,VTEW)
C

CALL SbEEP(N,H,SIGMAQQ,RR,S,DELThEE,Q,A,NEHQQ,NENRRNEWSI2,G,
C JLNODE,RNOOE,HALT,LBNORYLBDPRS.LBOPRLBDTR,LBODR.
C QLBO,G,G1,RBNORY,RBOPRS,RB0PR,RBDTR,RBCOR.QRBO,3DRY.
C SK)

C
IF(LNODE(4l.LT.J) THEN
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LNOOE(1) s 0
RNODE1l) a 0
G0 TO 17

END IF
XIIRN0E(4).LT.LNOOE(4)) THEN

RNOOE11) a 0
END If

CALL CORRCT(LNDDE,RNODENSIGIIAHQQ,RRSGG1,G2,I2,X2,HARDQ
C VSsAvQ)

C
17 If IGNA(1,2).GE.1.DOO) THEN

IF(RBNORY.EQ.0) THEN
IFISIGMAI1,2).NE.3.0OO) THEN
SK a 2
CALL BONDRY(QIN)PQIN-1 ),IQRBD,AN,AN-1hPQQIN),QQIN-I),

C RRINhPRR(N-1),SIN),S(N-1),HEE,DELT,
C RBNDRYRBDPRS,RBDPR,RBDDRRBDTRPJNEHQQCN),
C NEHRR(N),NENS(N),G,GlG2,HALTBDRYSK)

END IF
ELSE

CALL EXTRAP(RR(N-1)1,RRIN-2 I,QQ( N-1) ,QQEN-2) I 3N-I),
C SIN-2),HPH,RRA,QQA.SA,AAQA)

CALL SRFLCTIQQAPRRA,SA,SIGM'A,VS,DELT,LHPRES,
EN RRNXVNSNIIA()GGPZ

END IF

C
IF (SIGA(1,2).LE.O.DOO) THEN

IF(LBNORY.EQ.01 THEN
IF(SIGIIA(192).NE.-2.DOO3 THEN
BORY g 3

SKz2
CALL BONDRYIQ(I ),Q12),QLBDAI 1),AI2),QQI 1),QQ(23,

C RRII).RRE 2)1,5 ,S32)bHEE,DELT,
C LBNDRYLBOPRS,LBOPR,LBDDRLBOTRJNENQQI 13,
C NENRR(I),NENS(1I,G,G1,G2,HALTBDRY,SKI

END IF

ELECALL EXTRAP(RRI 2)RRI3 ),QQ( 2),QQI 3 ,SIZ),
*C SI31#HoHRRB,QQ8,SB,AB,Q8)

CALL SRFLCT(QQBRR8,S5,SXGtIA,VS,OELT,LEPRES,
* C RRII1),QQ( 13,311 ,Q 13 ,A( 1 ,GGI,GZI

END IF
END IF
TzT+OELT

C
C ------ OUTPUT DATA --
C

IF (ICOUNT.EQ.PLTCNT*SKIP).AND.(GRAPHS.EQ.1))
C THEN

C IF(IJ.GT.55)) THEN
CALL PLOT(JJSTQP,N,QQ,RRS14,XARRAYPARRAY,

CDARRAY,QARRAY,SARRAY,GGlG2)
C END IF

END IF
IF ((COUNT.EQ.PLTCNT*SKIP).AND.EGRAPHS.EQ.01)

C THEN
CALL LISTUN,SIGIIA,QQRRSGGIG2,J,T,DELTVSQCSVTE,VE4,

C XXNIT,VHEADVTAILVCDE,VSE)
END IF
IF EECOLRT.EQ.PLTCNT*SKIP).AND.IGRAPHS.EQ.ZJ)

C THEN
IF (J.GT.SO) THEN

CALL EXACTIN,XXNITTVHEADV~tAILVCOEVSE.DLCDDLSH,QQ,RRSH,
CXARRAY,OARRAY,G,G1,GZ,ORtI
ENO IF

C
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IFENALT.EO.1) GO TO 18

COL*NTRCO.IT+1
00 TO 16

18 CALL OHEPL

C

c SUBROUTINE LIST(NS!GtAQQRRSGGlG2J,T,DELT,VSQCS,-VTEN,

C VHEI4,XINIT,VHEAD,VTAIL,VCDE,VSE)
C
C...... *+*4.*44**4+4**44* *******

C *
C + TABULAR RESULTS SUBROUTINE
C
C
C
C---------------- VARIABLE DEFINITIONS-----------------
C
c DENS - DENSITY
C PRESS - PRESSURE
C TEMP - TEMPERATURE
C

INTEGER IvJqNL
DIMENSION SIGl1A4,21,QQN).RRINJ,S(NJ
DOUBLE PRECISION SIGMA ,QQRR ,S PRESS ,VrEH4,VHEN ,QCS ,TEC*AE

C TEMP,DENS,G,G1,GZQT,OELT,VS,HEC(E,
C XINIT ,VIEAD ,VTAIL ,VCDE ,VSE ,SKXE ,CSXE

MRITE(9,*I 'TIME LEVEL'sio' ELAPSED TIME IS',T

NRITE(9,01 'TIME STEP IS',DELT,' SHOCK VELOCITY IS',VS
NRITE(9,*) 'CONTACT SURFACE VELOCITY IS',QCS
NRITE(9,01 'HEAD EXPANSION WAVE VELOCITY rs*,VEH
WRITE(9,01 'TAIL EXPANSION HAVE VELOCITY IS',VTEN
MRITE(9vM1
WUITEI 9,* I * NODE VELOCITY DENSITY

CPRIISSURE'
NRITE99,*I
00 61 Im1,N
TEMPsIQQ(I I-RRII I *EQQEI)-RREI I)/W4.DOO*SII 1*511)I

DCNSE I 1.000/TEMP )*OEXPE G*( 1.000-G6*1SI I)-GZ I) I**l-61)
PRESSaTEMP'OENS
Q21QQEI I.RR(I) /2.0000
WRITE (9,6S) I,Q,0ENSvPRESS

65 FORMAT 14X,12,7X,F12.6,7X,F12.6,7XF12.6)
61 CONTINUJE

WRITEl*,*)
NRITEf9,*l
*IRITE19,01 NODE QQ R

CHODIFIED S,
MAITEI99*)'
0O 62 lal.N
MIEET (9,66) ,G!,RI)SI

'I 66 FORMAT l6X,12,7X,F12.6,7X.F12.6,7XP12.6)
42 CONTINUE

WRITE19#*I
MRITE9o*I
WRITEI9p*l DISCONTINU.ITY LOCATIONS AT TIME LEVEL'vJ
WRITE19.*)
HNITE19p*I TYPE LOCATION'
00 63 LU1P4

63 CONTINUE
WRITEI9,*I --

C----------- -------------------------------------------------------------------

MRITE19,*I
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IFIJ.EI.1) THEN
NITE(103 ' TIME SHOCK CONTACT HEAD

C TAIL'
HEITEI 10,) '

END IF

6? FOIIAT I1XF1Z.6,iXF1Z.6,1X,F1Z.6,1XFIZ.6,.XF1Z.6)
IFIJ.EQ.1) THEN

RITEIS,*) * EXACT VALUES'
WRITEI,) TIME SHOCK CONTACT HEAD

C TAIL'
MITEIS.,SI'

END IF
$(aXINIT*VSE*T
CSXI[XINIT#VCOE*T
HENXE XINIT+VHEAUT
TElWEsXINIT+VTAIL*T
NRITEI ,8 TSKXECSXE,HEXEPTElOE

AS FORMAT IIXF1Z.6,1XF12.AIXF12.A,1X,F12.A,IX,FI2.A)
RETURN
END

C
SUBSROUTINE TIHEIN,QQRRS,DELT,H|

C
C

C u CALCULATE TINE STEP SUBROJTINE
C
C
C
C - -------- NE VARIABLE DEFINITIONS
C
C THIN - RUNING VALUE OF THE MINIMU TIME STEP
C

INTEGER NI
DINISION QQ(NI)RRIN),SINl
DOUBLE PRECISION HA,QQRR,SDELT,TNINQ
ThNuN2.0O00
0O 21 Il ,N

AxIQQ(I -RRfI))/(2.OOO Si))
QU( I(! ).RRI I I )/Z.ODOO
OELTmH/E DABS DABS Q .A))
IF IOELT.LT.TMINI THEN
TMIN=OELT
ENO IF

21 CONTINUE
OELTuO. 99OOO*TMIN
RETURN
END

C
SUBROUTINE TRAK(N,SIGMA,H,QQ,RRS,G,G1GZ,DELT, 2,XZ,,AR,OVS,
J,LHPRES,QCS,VHEH,VTEN)

C

C
C U DISCONTINUITY TRACKING SUBROUTINE

C ----------- VARIABLE DEFINITIONS -------------
C
C CSDIR - CONTACT SURFACE DIRECTION, 2 TO THE RIGHT,3 TO THE LEFT
C CSRMtH - RIEMANN VARIABLE CHANGE ACROSS A CONTACT SURFACE
C OR - THE RATIO OF THE OENSITY ACROSS A
C SHOCK, S/AIRIGHT;.8/AILEFTI
C OREM - DUMtMY VARIABLE
C PR - THE RATIO OF THE PRESSURE ACROSS A
C SHOCK, A/91 RIGHT ),B/AI LEFT)
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C MREIMN - THE MEASURED A" ZN QQ ACROSS THE SHOCK,
C FROI A TO B.
C EREI1N - THE A" IN QQ ACROSS THE SHOCK CALCULATED ANALYTICALLY
C AS A FUNCTION OF 14.
C SAP - ENTROPY TO THE LEFT OF THE SHOCK FOR FLOWS RIGHT
C OR ENTROPY TO THE RIGHT OF THE C.S. FOR FLOWS LEFT
C SSP - ENTROPY TO THE RIGHT OF THE C.S. FOR FLOWS RIGHT
C OR ENTROPY TO THE LEFT OF THE SHOCK FOR FLOWS LEFT
C SHKDIR - SHOCK DIRECTION OF TRAVEL,3 TO THE LEFT,2 TO THE RIGHT
C TS - TIME FOR SHOCK TO TRAVEL ONE INTERVAL
C X - DISTANCE FROM LEFT BOUNDARY TO NODE
C

INTEGER N,I,Y,IZ2,LJ,SHKDIRCSOIR,LHPRES
DIMENSION SIGMA(4,Z 3,X2(4),RR(N),QQ(N),I;'NI,24)
DOUBLE PRECISION SIGMA,XZX,H,ABSA,S8,AA,QA,QB,QQAQM,RRARR8,

C RRQQ,S,TSH,DQAR,PR,G,G1 ,GZ,VS,DELTCSMI,
C Q,MREIMN,DREMt,EREIMN , W,SASAZSAP, 8P
C A4,QHW,VHEN,VTEH,TIME ,QCS

C
C *...**.. LOCATING THE UPSTREAM NODE +++ .+.

C
DO 10 Lul,4

SIGHA(Lp1)8SIGA L ,2)
YSO
XzO.DOo
l

11 IF (.NOT.(Y.EQ.O1 GOTO 10
IF ISIGMAIL,1I.LT.X) THEN

XZEL JIX
121 L )z
Y=I

VV.
END IF

XuX+H
'p. 121+1

GOTO 11
10 CONTINUE

C
C ----- I F SHOCK HAS LEFT AN OPEN BOUNDARY OUT OF THE TUBE THEN SET ----
C ----- SHOCK TO NEUTRAL -----
C

IF (121 ).GT.N) THEN
SIGMA(1,1) z Z.000
SIGMAI1,2) z 3.000
W = 1.000
VS = 1.000

DQz0.000
AR a O.0
PR a 1.000
DR z 1.000
GO TO 150

ELSE IFIIZI1.LT.2) THEN
SIGHA(!,1) x-1.000
SIGt AIA,2) 0-2.000
N a 1.000
VS 8-1.000
OQ a O.DOO0
AR a 0.000
PR s 1.000
OR x 1.D0

END IFGO TO ISO

C
C *. . .. . . DETERMINING SHOCK SPEED *.+ ++
C

IF!!J.EQ.1|.OR.1 (1).EQ.Z!.OR.(I"'(1LEQ.NJ 1THEN
V C

C ---- AT TIME ZERO OR BOUNOARYS DETERMINE CORRECT SHOCK DIRECTION -----
C ---- SHKDIR a 3 IS A SHOCK HEADED LEFT, AND SHKDIR a 2 IS SHOCK -----
C ---- TRAVELING RIGHT ----
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C
IF(LWPRES.EQ.3) THEN

SHIKDIR m 3
IF (J.EQ.1) THEN

X21 a XZE1) - H
12(l) 12111 - 1
X212) * XZ 2) - H
I2(2) • 12 2) - 1

END ]IF

GO TO 20
ELSE

SHKDIR x 2
END IF
GO TO 20

C
C ---- IF SHOCK AND CONTACT SURFACE ARE NOT WITHIN THE SAME -----
C ---- INTERVAL THEN NO CORRECTIONS ARE NEEDED IN CALCULATING ----
C ---- THE REIMAN VARIABLE JUMP ACROSS THE SHOCK ----
C

ELSE IF (12(13.NE.I2(2)) THEN
IFI (SHKDIR.EQ.3i.AND.ISIGMA(1,1).EQ.(XZ(1)-H)) THEN

X2(1) z XZ(1) - H
I2(1) * 12(1) - 1

END IF
GO TO 20

C
C ---- IF SHOCK AND CONTACT SURFACE ARE WITHIN THE SAME INTERVAL -----
C ---- THEN CORRECTIONS ARE REGUZRE9 TO DETERMINE SHOCK STRENGTH ----
C

ELSE IF(SHKDIR.EQ.3) THEN
C
C ---- SHOCK LOCATION RELATIVE TO THE CONTACT SURFACE FOR A SHOCK -----
C --- HEADED TO THE LEFT DETERMINES THE CORRECT VALUES FOR N AND VS--

C
IF(SIGMA(l,1).GT.SIGMA(2,1)) THEN

GO TO 111
ELSE IF1SIGMA.,I).EQ,(X21)-H)) THEN

XZI) x X211) - H
12(1) a 12(1) - 1
X2(2) XZ(23 - H
1212) x 12(2) - 1

END IF
1s RRA=RRI12(1)-1)

RRB:RR(IZ 1())
QQA=QQ( 12(I1 -1)
QGQBQQ( 12(1))
SA:S1 12(1)-i)

C
QA x(QQA4RRA )/2.000
QB :( QQS+RRB )/2.000
AA :1QQA-RRA )/I 2. DOO*SA )
DQ *( QB-QA 3/AA
N 2 DSQRT((DQ**2)*(O.36D00)*1.DO ) (DQO.60OD
DQ *t -1.000 )*DQ
GO TO 110

C
C ---- FOR SHOCK HEADED RIGHT THE SAME PROCEDURE FOR CORRECTIONS ARE---
C ---- FOLLOWED ---
C

ELSE IF(SIGMA(1,1).LT.SIGMA(2,1)) THEN
GO TO 111

ELSE
17 RRAzRRIZ1 )-1)

RRB=RR Z2(13))
QQA=QQ I2( 1)-i)

L",-. QQB=Q IZ( I )
- ,. SB:34 IZ1i I

QA z(QQA*RRA )/2.DO
GB m(QQS+RRB)/2.DOD
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AS ai QS-RRS )/I2. DOOWSB)
DQ aIQA-QB)/AS
M a DSQRTIIDQ**2)*IO.36000),1.DOO) + (DQ*O.600)
GO TO 110

END IF
C
C ----- WITH NO SHOCK/CONTACT SURFACE INTERACTION THE JUMIP IN NEIMAN---
C--VARIABLES ARE DETERMINED WITHOUT INTERPOLATION OVER THE-----
C --- INTERVAL. MREIMt4 IS THE MEASURED J UMP. EREIltI IS THE ANALYTICAL--
C--VALUE --
C

20 RRAuRRI 121 1)-i)
RRB=RRI 12(1))
QQAQQ(IZ11)-l)
Q4~QZQI12(11
SA'Sl 12(1 i-lI
58*51121 1)1

21 ABut QQ-RRB3/I 2. DOO*SB)
AA=(QQA-RRA 3/12. DOO*SA)

IF(SHKDIR.EQ.3) THEN
I1REIMNt w (RRB-RRA 3/AA
DREIU4 a OABS(MREIMtI)

ELSE
MREIMtN a IQQA-QQS 3/AS
DREMN a MREIltI

END IF
C
C--ITERATE FOR PROPER VALUE OP N USING THE QUADRATIC FIT OF THE --
C--REIMAN VARIABLE CHANGE WITH W CURVE. NOTE LEFT MOVING SHOCKS ----
C--ARE USED IN THESE EQUATIONS SINCE RRB-RRA/AA=-(QQA-QQB/AB3 --

100 MIz I3.0396408D01-I(ODENE+d2.7S74D00 )/0.286337DO3))
WaS.S13294000-OSQRT(WH41
DQU2.DOO*INH-1.DOO 3/I N*IG*1.D03))
ARmDSQRTI Z.0Ow(G-1.DOO 3*11.DOO+( 10-1.000 3*14*1/2.0001I *

C 163*GZ*WW-1.00013/(lG+1.D003*N3
PRu(2.DOO*O/IG,1.DO03)*W*H-IfG-1.DOO)/IG,1.D0033
ORal (0-1.000 3*NW*Z.DOO I/I (G.1.000 i*H*N3
EREIM9IDQ.I AR-I.DOO 3*G2-I AR*G1/G 3*DLOGI PR*I DR**G)I
IF IDABSIEREIMNt-DASMREIMt4)).LT.O.1D-5) GO TO 110
DREMNt z IDABS(MREIMt43 - EREIMN3 * DREM9I GOTO 100

C
C--SHOCK VELOCITY DEPENDS ON DIRECTION SHOCK IS TRAVELING---
C--LEFT IS <0, AND RIGHT IS >0 --
C

110 If IJ.EQ.11 THEN
TIME m 0.D00
SAl a (I/G3*DLOGI 12.D00*G*w*N*2)-G1.000/fG,1.D0003
SAZ a G1*DLOGIIIG-1.003*IW*232/IIG,1.00I*I**2) 33
IFISHKDIR.EQ.Z3 THEN

SAP a SS - SAl - SA2
SOP a SAP

ELE SBP z SA - SAl - SA2

EN FSAP a SBP

103 IFISHKDIR.EQ.21 THEN
CSRMN .1 IDEXPI ISSP-SA)/G23)w15A3-ISSP) I*AN

ELSE
CSRI94 *IIDEXP(ISAP-5B3/G2))*(SB3-ISAP))*AR

END IF
IFISHKDIR.EQ.3) THEN

MREIMNt al INNRS-NRA )/AA 3.CSRMt
DREMNt a DABSIMREIMNI

ELSE
MREIMN SI IQQA-QQS 3/AS 3-CSRMt4
DREI9N a MREP?4

END IF
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101 Meat3.03%408001-(t D REN42. 7S74000)/0.284337000) I
biaS. S132 94DOO-SM3T: I 44
oQua.D00*1 Wom-1.D0 1/IK~f G*l.000))
AaDSRT2.DOOIG-l.DOO)*I1.D0.I G-l.000)UHWN/.00O))*

C fG*GZ*N-.DOO3)/(IG+l.DOO)04)
PftuIZ.DOOG/IG,1.000) 31*1$-( IG-1.000)/IG+I.DOI))
DRof(S-1. DOO)WW42. DO W (G* 1. DOD *~I -

EREItt~uOI AR-1.DOO )uG2-1 AR*G1/G 1*DLOG( PR*E DR*WQ 13
IF IDASS(EREII1-DAS(REII4I).LT.O.1D-S) GO TO 102
DREM4 a (DABS(HREI14) - EREIMN) + DREMt4
COTO 101

102 SAI a IGI/G)*DLOGI IZ.DOOWG*(14**1-G,.DOO)/IG,1.DOO))
SAZ a G1WLOGIIG-1.0)*II'4*)Z/IG,1.00Oi*IH**Zf))
IF(SHKOIR.EQ.21 THEN

SAP a S8 - SAl - SAZ
ELSE

SOP a SA - SAl - SA2

ENO If
IF IOASS(SAP-SBPI.LT.O.1O-51 GO TO 105
IF(SHKDIR.EQ.21 THEN

SOP a ISAP-SBPI + SOP
ELSE

SAP a (SOP-SAP) * SAP
END IF
GO TO 103

ENO IF
105 IFISHKDIR.EQ.31 THEN

OQ a 1-1.0001*OQ
VS a l(RRA*QGAI*O.S0001 41W*AA)

ELSE
VSa( QGS+RRS 3*0. S000.N*AS

END IF
TSzH/OABSI VS)

Ill IF (TS.LT.OELTI THEN
OELTzO. 99D00'TS

END IF
SIGMA(I ,2)RVS*OELT*SIQIAI 1,1l

C
C **+**+DETERMINE CONTACT SURFACE SPEED+****+**+
C

IF(J.EQ.1) THEN
CSOIR x SWDKOR

END IF
C
C ------ CONTACT SURFACE TRAVELING RIGHT --
C

1SO IFICSOIR.EQ.2) THEN
4' C

C ----- CONTACT SURFACE MOVING RIGHT, CHECK FOR SHOCK IN INTERVAL---
C --- AND CALCULATE SPEED OF CONTACT SURFACE AS APPROPRIATE---

*5b C
IF(J.EQ.1) THEN

O ml QQb.RR81/2.D00
QA a DQ*AB + O
CALL SKJUMIAS,OS8ARDQ,VSG,G1,N,AAOA,SA)

GO TO 20O
ENO IF
IFIX2121.EQ.XZ11)) THEN

* ~IFISIGIAI2,1 I.LE.SIGA( 1,1)) THEN
Q a IQQ1122-11 # RRlIZIZ)-1))/ 2.000

ELSE
Q *1Q1I212)) * RRI121Z))) / 2.000

END IF

ELE QA z fQQII2fZ)-1) * RRI12121-1fl / Z.000
Qs a IQQIIZIZJJ # RRIIZ(Z )/ 2.000
Q a fQA * 58/2.000

END If
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ELSE IF(CSOZR.EQ.3) THEN
C
C --- CONTACT SURFACE TRAVELING LIFT --

c
IF(J.EQ.1) THEN

QA =IQQA.RRA)/2.000
QS a DQ*AA * QA
CALL SKAIIPI AAQASAARDQVSGO1,N,ABQBSS)

GO TO 200
END IF
IF(X2(2ZLEQ.X21 1)) THEN

IF(SIGIA12,1).GE.SIG#IA(191)I THEN
Q a QQIIZ(Zfl + RR(IZ(2)IJ / 2.000

ELSE
Q a (QQ(12(2)-1) + RR(12(2)-.3) / 2.000

END IF
ELSE IF(SIGtIA(2,1).EQ.(X2f2)-HII THEN

XZ2) X2(2) -H
1212) a1212) -1
Q a IQQ(I212).RR(12(21)) /. 2.000

ELSE
QA a I00(I2(23-1) + RR(12(21-1Ii / 2.000
08 a IQQ(I2t23) + RR(1212)1) /2.000
Q a lQA + 083/2.000

END IF
END IF

200 SIGlIA12,21 a DELT UQ*SIGNAl 2,1)
QCSxQ

C
C ------ CALCULATE EXPANSION NAVE SPEED--
C

= TIME z TIME+DELT
IF(J.EQ.31 THEN

ANal QQU(N)/2)-RR((N,1)/2fl/12.O000*S(IN.1)/2)I

IFIICSOIR).EQ.2) THEN
VNEkz-( AN)

ELSE VTu

VHEWlz AN

EN FVTENz QN.Akq
END IF

IFIJ.EQ.3) THEN
SIGttA(3,23 z SIG#4AE3pl) # VHEN*TIW!
SIGMA(492) v SIGI4A44,) * VTEN*TIME

ELSE IFI(CSDIR.EQ.2).ANO.ISIGMA(3,13.GT.O.DOO)) THEN
SIGMAI3,21 a SIGNA13,1) + VHEN*OELT
SIGIA(4,2) x SIGNA14,1) + VTEW*0ELT

ELSE IF((CSOIR.EQ.3).AND.(SIGMA(3,11.GT.1.000I) THEN
SIG?1A13,2) 2 SIGMtAl3,1) + V14EN*DELT
SIGMA14921 a SIGttA('.,1) + VTEWDELT

END IF
RETURN

* END
C

SUBROUTINE SNEEPEN,H.SIGMA ,Q0,RR PSDELT ,EEQA ,NENUQNENRR ,NEI4S,
CI2,G2,JLNOOE ,RNOOE ,HALTLBNORY ,LBOPRS,LBDPRLBOTR,LBDOR,QLBO ,G,
CGl ,RSNORY ,RSOPRS ,R8OPR ,RBOTR ,RSODR ,QRBD ,BORY ,SK)

C

C
C U SPACE S)4EEPING SUROINE

C

C
C----------------VARIABLE DEFINITIONS ------------
C
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C AAVG - AVERAGE SPEED Of SOLM4
C CNTACT - 3 DIGIT VARIABLE DENOTING CONTACT SURFACE
C LOCATION,DIRECTION Of TRAVEL, AND IF IT CROSSES A NOE
C OELRH - CHANGE IN QQFROM ITOI11
C DELGOL - CHANGE IN QQ FROM 1-1 TO I
C DELRRH -CHANGE IN RRFROM ITOI11
C DELEAL - CHANGE IN RR FRO" 1-1 TO I
C DELSN - CHANGE*IN S FROM ITO1
C DELSI - CHANGE IN S FROM 1-1 TO I
C DELAN - CHANGE IN AFROM ITO 141
C DELAL - CHANGE IN AFROM 1-TO I
C DELQH - CHANGE IN Q FROM I TP 141
C OELQL - CHANGE IN Q FROM 1-1 TO I
C DELX - INTERPOLATION DISTANCE (LtID*OELT)
C DLTA** - PREFIX WHICH INDICATES THE SPATIAL
C CHANGE IN ** FOR ONE TIME STEP.
C INTEGI K)- RESULT OF INTEGRATING Z( K)
C UWINT - VALUE OF ** INTERPOLATED BETWEEN NODES
C ON THE CURRENT TIME LEVEL.
C UO( - NOCE DEFINING THE LEFT INTERVAL
C *PRIMIK)- SUFFIX WHICH INDICATES THE SPATIAL
C DERIVITIVE OF * AT THE CURRENT TIME LEVEL.
C R)O( NODE DEFINING THE RIGHT INTERVAL
C SAVO AVERAGE ENTROPY
C SHOCK -3 DIGIT VARIABLE DENOTING SHOCK
C LOCATION,DIRECTION OF TRAVEL, AND IF IT CROSSES A NODE
C **STEP -THE CHANGE IN TIME OF ** AT A NODE
C USED TO STEP UP TO THE NEXT TIME LEVEL
C X -LOCATION IN SPACIAL PLANE 1I-i J*H
C Z(K) -RIGHT SIDE OF THE K'TH EQUATION.
C

INTEGER I ,R)O,L)O(,SHOCK ,CNTACTZJ,LNODE ,RNOOE ,HALTP
C N,LBNDRY,LBDPRSRBNDRY,RBDPRSSKBDRY
DIMENSION SIGI14,2 ),SIN1,Q(NbAIN)I14 I,QINT(3 J,AINT(3),ZI 3),

C NEHQQI N I NENRRti ),NEHSI N I,INTEGI 3)I,APRIM( 31 ,QPRIM 3 1,
C LNODEI4),RNODEE'.IAAVG 3 ),RRENI,QQINI
DOUBLE PRECISION AAVG,SAVG,G92,XHSIGtiAQQoRR,SQ,A,GG,

C BELQQHDELQQLDELRRHDELRRL,DELSHDELSL,
C DELAHDELALPDELQH,DELQL,DELT,
C QINTtAINT,QQINT,RRINT*SINTEEP
C NENQQ,NEbIRRNENS,LBDPR,LBDTR ,LBDDRQLBO,
C RRSTEP,SSTEPINTEG,Z,DLTAQQ,QQSTEP,
C DLTARR,DLTAS,APRIM,QPRI1,
C RSOPR ,RBOTR ,RBDDR ,QRBD
COMMION AR,OQVStH

C
C ------ COMPUTE VELOCITY AND SPEED OF SOUN1D AT EACH NODE --
C

DO 10 l= 1,N
Q(II u lQQ(II RR(ri) / 2.0000
ACI) x ((QQIII RR(I)) /(2.0000 * ~l)

10 CONTINUIE
C
C ------ Af,VANCE LEFT BOUNIDARY TO NEh TIME STEP --
C

BDRY s 3
IF(I21LEQ.2) THEN

SK x 1
ELSE IF(SIGMAI1,2).EQ.-2.DOO) THEN

SK a 3
ELSE

SK s 0
END IF

* CALL BONDRY(Q(I),Q( 2),QLBDAI1),A( 21,QQ(I),QQE 2),RRII,RR(2),
C S(l1,SEZh*HEE,DELTLBNDRY,LBOPRS,LBDPR.LBOOR,LBDTR,
C JNEHQQ(1),NENRRI1I,NENSI lbGGl,G2,HALT,BORY,SK)

C
C ------ AT EACH NOCE FROM 2 TO N-1 DETERMINE THE BEST ALGORITHM TO USE--
C ------ TO ADVANCE THAT NODE TO THE NEXT TIME STEP --
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C

11 IFIZ.EQ.N) GO TO 1200
XUFLOATI I-1 )mH
DELQGH a QQI.1*) - QQII)
DELQQL a QQ(I) - QQI(-1)
DELRRH a RR(I.1) - RRI!)
DELRRL a RR!l) - RR(I-1)
DELSH a S4+1) - S(I)
DELSL a S(I) - S11-1)
DELAH a A(tIl) - AlI)
DELAL a All) - All-11
0ELQH z 1(1+11 - Q01)
DELQL z QEIR " Qi1-11

C
C .....- DEFINE LEFT SECTOR AND RIGHT SECTOR HRT NODE EXAMINED -----
C

XX a I * I
LXX I

C
C ----- TEST FOR SHOCK -----
C

IF tIZt1).EQ.RXX) THEN
SHOCK a 200
GO TO 20

ELSE IF (1211i.EQ.LO() THEN
SHOCK a 300
GO TO 20

ELSE
SHOCK a 100

END IF
GO TO 30

C
C ----- DETERMIINE DIRECTION SHOCK IS TRAVELING -----
C

20 IF (SIGIIA1,11.LT.SIGMtAtl,2)) THEN
SHOCK a SHOCK + 20

ELSE
SHOCK a SHOCK + 30

END IF
C
C .....- DETERMINE IF SHOCK CROSSES A NODE IN THIS TIME INTERVAL
C

IF (SHOCK.EQ.22O) THEN
IF (SIGMAI1,2).GE.(X+Hfl THEN

SHOCK x SHOCK + 1
ELSE

SHOCK x SHOCK + 2
END IF

ELSE IF ISHOCK.EQ.2301 THEN
IF (SIGMAi1,Z).LE.X1 THEN

SHOCK a SHOCK + 1
ELSE

SHOCK a SHOCK 4 2
END IF

ELSE IF (SHOCK.EQ.320) THEN
IF ISIGtAi1,2).GE.Xl THEN

SHOCK a SHOCK + I
ELSE

SHOCK a SHOCK + 2
END IF

ELSE IF (SHOCK.EQ.330) THEN
IF (SIGMA(1,2).LE.(X-H)) THEN

SHOCK x SHOCK + 1
ELSE

SHOCK x SHOCK . Z
END IF

END IF
C
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C --- TEST FOR CONTACT SURFACE --

C
30 IF (12(t).EQ.RXX) THEN

CNTACT a 200
GO TO 40

ELSE If 112(2).EQ.L)0() THEN
CNTACT a 300
90 TO 40

ELSE
CNTACT a 100

END If
0O TO 50

C
C --- DETERMINE DIRECTION CONTACT SURFACE IS TRAVELING --
C

40 IF (SIGIA(Zpl1.LT.SIGtIA(Z,2)I THEN
CNTACT a CNTACT + 20

ELSE
CNTACT a CNTACT + 30

END IF
C
C ------ DETERMINE IF CONTACT SURFACE CROSSES A NODE DURING THIS TIME--
C ------ INTERVAL --
C

IF ICNTACT.EQ.220) THEN
IF ISIGIIA(2,2).GE.IX+H)) THEN

CNTACT a CNTACT * 1
ELSE

CNTACT a CNTACT # 2
END IF

ELSE IF (CNTACT.EQ.230) THEN
IF (SIGtIA(2tZ).LE.X) THEN

N CNTACT mCNTACT + 1
ELSE

CNTACT a CNTACT + 2
END IF

ELSE IF (CNTACT.EQ.320) THEN
IF (SIGt1A12,Z3.G!.XI THEN

CNTACT m CNTACT * 1
ELSE

CNTACT m CNTACT + 2
END IF

ELSE IF (CNTACT.EQ.330) THEN
IF (SIGMA2Z,Z1.LE.lX-H)) THEN

CNTACT 2 CNTACT + 1
ELSE

CNTACT a CNTACT + 2
END IF

END IF
C
C --- CHECK IF EITHER A SHOCK OR CONTACT SURFACE WITHIN H OF THIS NOE---
C --- DETERMINE PROPER ALGORITHM TO USE FOR CALCULATING EXTENDED REIMAN--
C --- VARIABLE CHANGE ALONG CHARACTERISTICS AT THIS NODE --
C

S0 IF (SHOCK.EQ.100.OR.CNTACT.EQ.1001 THEN
C
C --- NEITHER A SHOCK NOR A CONTACT SURFACE EXIST NEAR NODE ---
C

IF (SHOCK.EQ.100.AND.CNTACT.EQ.100) THEN
C
C --- TEST FOR SUBSONIC OR SUPERSONIC FLOW---
C

IF (DASSIQ(IJ.LT.AIIJ) THEN
IFII.EQ.(12(11-Z)) THEN

!F(J.EQ.11 THEN
IF(SIGMAI1,l).LE.SIGNA(l,2)) THEN

GO TO Z00
END IF

END IF
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END IF
FI I.EQ.tI121)1)) THEN

IFIJ.EQ.1) THEN
IF(SIGMA(1,Xl.GE.SIGMA1,2)) THEN

GO TO 300
END IF

END IF
END IF
GO TO 100

ELSE
IF (SIGNA(2,1).LE.SIGKA(2,2)) THEN

GO TO 200
ELSE

GO TO 300
END IF

END IF
END IF

C
C ---SHOCK OR CONTACT SURFACE ON LEFT, HEADED RIGHT, NO NODES CROSSED--
C

IF (SHOCK.EQ.322.OR.CNTACT.EQ.322) THEN
IF iDASS(QII)).LT.AI)l THEN

GO TO 300
ELSE

GO TO 500
END IF

END IF
C
C --- SHOCK OR CONTACT SURFACE ON LEFT, HEADED LEFT, NO NODES CROSSED--
C

IF (SHOCK.EQ.33Z.OR.CNTACT.EQ.332) THEN
GO TO 300

END IF
C
C ---SHOCK OR CONTACT SURFACE ON LEFT, HEADED RIGHT, NODE IS CROSSED---
C

IF (SHOCK.EQ.321.OR.CNTACT.Eq.321) THEN
GO TO 40O

END IF
C
C --- SHOCK OR CONTACT SURFACE ON LEFT, HEADED LEFT, NODE IS CROSSED---
C

IF ISHOCK.EQ.331.OR.CNTACT.EQ.331) THEN
GO TO 300

END IF
C
C --- SHOCK OR CONTACT SURFACE ON RIGHT, HEADED RIGHT, NO NODES CROSSED--
C

IF (SHOCK.EQ.222.OR.CNTACT.EQ.222) THEN
GO TO ZOO

END IF
C
C --- SHOCK OR CONTACT SURFACE ON RIGHT, HEADED LEFT, NO NODES CROSSED--
C

IF (SHOCK.EQ.232.OR.CNTACT.EQ.232) THEN
IF (DASS(Q(IJ3.LT.AII)) THEN

GO TO ZOO
ELSE

GO TO 500
END IF

END IF
C
C ---SHOCK OR CONTACT SURFACE ON RIGHT, HEADED RIGHT, WOE CROSSED---
C

IF (SHOCK.EQ.221.OR.CNTACT.EQ.221) THEN
GO TO ZOO

END IF
C
C ---SHOCK OR CONTACT SURFACE ON RIGHT, HEADED LEFT, JU"PS NODE---
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C
gO TO 400
END IF

C
C --- BRANCH HERE IF SHOCK TO RIGHT OF CONTACT SURFACE -----
C --- DETERMINE PROPER ALGORITHM TO USE FOR CALCULATING EXTENDED REIMAN--
C ---VARIABLE CHANGE ALONG CHARACTERISTICS AT THIS NODE -----
C

IF (SIGMA(1,1).GT.SIGMA(Zo)) THEN
C
C ---SHOCK ON LEFT, HEADED RIGHTv NO NODE JUMPED---
C

IF (SHOCK.EQ.3ZZ) THEN
IF (CNTACT.EQ.322) THEN

IF DASSIQtI)).LT.A(I)I THEN
GO TO 300

ELSE
GO TO 500

END IF
ELSE IF (CNTACT.EQ.332) THEN

GO TO 800
ELSE IF ICNTACT.EQ.331) THEN

GO TO 800
ELSE

GO TO 900
END IF

END iF
C
C --- SHOCK ON LEFTv HEADED LEFT, NO NODE JUMtPED---
C

IF ISHOCK.EQ.3321 THEN
IF (CNTACT.EQ.322) THEN

GO TO 300
ELSE IF ICNTACT.EQ.332) THEN

GO TO 600
ELSE IF (CNTACT.EQ.331) THEN

GO TO 600
ELSE IF ICNTACT.EQ.321) THEN
ELE GO TO 700

. ELSE

GO TO 900
pEND IFIEND IF

C
C ---SHOCK ON LEFT, HEADED RIGHT, JINIPS NODE---
C

IF (SHOCK.EQ.321) THEN
IF !CNTACT.EQ.322.OR.CNTACT.EQ.321) THEN

GO TO 400
ELSE IF ICNTACT.EQ.332.OR. CNTACT.EQ.331) THEN

GO TO 800
ELSE

GO TO 900
END IF

END IF
C
C ---SHOCK ON LEFT, HEADED LEFT, JUMPS NODE---
C

IF (SHOCK.EQ.331) THEN
IF ICNTACT.EQ.322.OR.CNTACT.EQ.321) THEN

GO TO 700
ZLSE IF (CNTACT.EQ.332.OR.CNTACT.EQ.3311 THEN

GO TO 600
ELSE

GO TO 0oo
ENO IF

END IF
C
C ---SHOCK ON RIGHT, HEADED RIGHT, NO NODE JUMPED---
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C If ISHOCK.EQ.222) THEN

If (CNTACT.EQ.222) THEN
GO TO 200

ELSE IF ICNTACT.EQ.232.OR.CNTACT.EQ.231) THEN
GO TO 800

ELSE IF ICNTACT.EQ.321.OR.CNTACT.EQ.322) THEN
GO TO 400

ELSE IF (CNTACT.EQ.332.OR.CNTACT.EQ.331) THEN

ELSE GO TO 800

GO TO 900

END IF

END IF
C
C ---SHOCK ON RIGHT, HEADED LEFTP NO NODE JUMPED---
C

IF (SHOCK.EQ.2321 THEN
IF ICNTACT.EQ.222) THEN

IF (SIGMA(1,21.LT.SIGMtA(Z,2i3 THEN
GO TO 700

ELSE
GO TO 200

END IF
ELSE IF ICNTACT.EQ.231.OR.CNTACT.EQ.232) THEN

GO TO 600
ELSE IF (CNTACT.EQ.221) THEN

GO TO 700
ELSE IF (CNTACT.EQ.322) THEN

GO TO .00
ELSE IF (CNTACT.EQ.332.OR.CNTACT.EQ.331) THEN

GO TO 600
ELSE IF ISIGMAI,2).LT.SIGMA(2,Z)) THEN

GO TO 710
ELSE

GO TO 400
END IF

END IF
C
C ---SHOCK ON RIGHT, HEADED RIGHT, JUMPS NODE---
C

IF (SHOCK.EQ.Z21) THEN
IF ICNTACT.EQ.Z21.OR.CNTACT.EQ.Z22) THEN

GO TO ZOO
ELSE IF ICNTACT.EQ.231.OR.CNTACT.EQ.232, THEN

GO TO 00
ELSE IF ICNTACT.EQ.321.OR.CNTACT.EQ.322) THEN

GO TO 400
ELSE

GO TO 800
E END IF: END IF

C
C ---SHOCK ON RIGHT, HEADED LEFT, JUMPS NODE---
C

IF ICNTACT.EQ.221.OR.CNTACT.EQ.22Z) THEN
GO TO 700

ELSE IF (CNTACT.EQ.Z31.OR.CNTACT.EQ.Z3Z) THEN
GO TO 600

ELSE IF (CNTACT.EQ.322) THEN
IF tSIGHA(1,2).LT.SIGtA(2,2)) THEN

GO TO 710
ElSE

GO TO 400
END IF

ELSE IF CtJTACT.EQ.321) THEN
GO TO 710

ELSE IF IDABSIQ(III.LT.AIr)) THEN
GO TO 600
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ELSE
60 TO 800

END iF
C
C --- BRANCH HERE IF SHOCK 1S TO LEFT OF CONTACT S"FACE----
C ---DETERMIINE PROPER ALGORITHM TO USE FOR CALCULATIG EXTENDED REIMAN--
C ---VARIABLE CHANGE ALONG CHARACTERISTICS AT THIS NODE~~
C

ELSE IF ISIQNA(1,l).LT.SIGMAIZ1p)3 THEN
C
C ---SHOCK ON LEFT* HEADED RIGHT, NO NOCE CROSSED---
C

IF (SHOCK.EQ.3221 THEN
IFICNTACT.EQ.32Z.OR.CNTACT.EQ.321) THEN

GO TO *O0
ELSE IF ICNTACT.EQ.332) THEN

IF (SIGKAI1,2I.GT.SIGNAIZ,2)) THEN
GO TO 700

ELSE
G0 TO 300

END IF
ELSE IF ICNTACT.EQ.3311 THEN

GO TO 700
ELSE IF (CNTACT.EQ.222.OR.CNTACT.EQ.221) THEN

GO TO 600
ELSE IF ICNTACT.EQ.232) THEN

GO TO 400
ELSE IF ISIGHA!1,2).6T.SIGMAEZvZ) THEN

GO TO 710
" ELSE

E GO TO 400

LN I END IF
i END IF

C
C ---SHOCK ON LEFT, HEADED LEFT, NO NODE CROSSED---
C

IF ISHOCX.EQ.332) THEN
IF ICNTACT.EQ.322) THEN

GO TO 800
ELSE IF ICNTACT.EQ.332) THEN

GO TO 300
ELSE IF ICNTACT.EQ.3211 THEN

GO TO 800
ELSE IF ICNTACT.EQ.ZZ2.OR.CNTACT.EQ.ZZII THEN

GO TO 800
ELSE IF ICNTACT.EQ.Z31.OR.CNTACT.EQ.Z32 THEN

GO TO 400
ELSE

GO TO "0
END IF

END IF

C ---SHOCK ON LEFT, HEADED RIGHT, JUMPS NOE---
C

IF (SHOCK.EQ.321) THEN
SIF ICNTACT.EQ.322.OR.CNTACT.EQ.3211 THEN

GO TO 600
ELSE IF ,CNTACT.EQ.332.OR.rNTACT.EQ.331 THEN

GO TO 710
ELSE IF ICNTACT.EQ.222.OR.CNTACT.EQ.221) THEN

GO TO 600
ELSE IF [CNTACT.EQ.231) THEN

GO TO 710
ELSE IF (SIGMAI,Z).GT.SIGMA12,211 THEN
ELSE GO TO 710

GO TO 400
END IF

END IF
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c
C --- NOCK ON LEFT, HEADED LEFT, JUMPS NO1---

IF Is mCK.EO.331) TIN
If (CNTACT.1E.$2t.OR.CNTACT.EQ.321) THEN

go TO 00
ELSE IF ICNTACT.EQ.331.01.CNTACT.E1.33Z THEN

6o TO 300
ELSE If (C1TACT.E.U21.01I.CTACT..ZZZ ) THEN

go TO "a
ELSE

O0 TO 400
ENO IF

END IF
C

C ---SNCK ON IHtr, HEADED RICGT, NO NOOE COISSED---
" C

X I3HOCK.E0.2221 THEN

IF ICNTACT.EQ.ZZZ.01.CNTACT.EQ.ZZ1I THEN
0 TO .00

ELSE IF ICNTACT.EO.2311 THEN
GO TO 710

ELSE IF ICNTACT.EQ.Z3ZI THEN
IF lSIGAII,ZI.GT.SIGrAIZ,Z) THEN

GO TO 700
ELSE

00 TO tOO
ENo IF

ELSE
GO To 400

END IF
,Em IF

C --- SHOCI ON MIGHT. HEADED LEFT. NO NODES CROSSED---
C

.4. c
IF (SbC. EQ.2321 THEN

IF CNTACT EQ.222.01R.CNTACTEQ. ZZI THEN
@a rO 0O

ELSE IF ICNTACT 0.232I THEN
IF 10ASSIGIIII .LT. A1i THEN

GO TO 200
ELSE

20 TO 500
END IF

ELSE
GO TO 00

ENO IF
END IF

c
C --- SHOCK ON MIGHT. ,ADED RIGHT. JUMP NOE---
C

IF ISNOCK.EQ.221I THEN

IF ICNTACT.EG.22I.OE.CNTACT.IO Z.ZZ THEN

GO TO *00
ELSE IF iCrTACT E0.2311 THEN

GO TO 710

ELSE IF ICNTACT IQ.Z321 THEN
go To 700

ELSIE
gO TO 900

END IF
END if

C .

C --- SHOCK ON RIGHT, HEADED LEFT, JUS HOCI---
c

If CNTAC' :Q Z21 aP :NTAC" (Q. Z: 'mfP

GO TO 40
ELSE IF ICNTACT E1.Z3.OR.CNTACT EQ Z32f THEN

GO TO 40

.,.
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ELSE S O"

C --- 9HOCX AN CONTACT IAFACE AME AT TME SAME LOCATION AFTER TIME---
C -- urNs---

ELSEIf FI SIOCK.E. HE).AND. ICNTACT.1Q. 222))THEN
SHOCK 5 21
CTITACT *321
00 TO *00

ELSE ZF1 ISHOCK.EQ.2t).ANO.ICNTACT.EQ.3221 $THIN
IF'OASiQ(IIILT.AlIII THEN

GO TO 300
ELSE

0O TO 500
END IF

ELSE IFISHOC .E.332l.AI.lCMTACT.[Q.33211 THEN
SHOCK a231
CHYACT *231
GO TO 400

ELSE IF' I SHOCK. EQ. 232). AND. I CTACT. EQ.232hI THEN
IFISABSIQI! I ILT.AiR ) THEN

90 TO 200
ELSE

so TO 500
'a. two IF

EL.SE
0O TO 720

END IF
C
C --- CALL CONDITION SWROUTINE MIhCH CONTAINS ALGORITHMI THAT IS---
C ---NUMEPICALLY BEST SUI1TED FOS THE SITUATION AT NOCE I---
C

100 CALL CONOV Q @11.Ql 11, ).A ,)Af 1.11 WINi II ,GQ I I .SI I I .OELGL,
C DIELRRN,DELSH,OELSL.DELQNDELAoDELGLOELAL.NE
C Ut T.OGZNT. RNZT.SZMT,4PZ.APZM,AIIT, 00 -1A Z-1) I

GO TO 1000
C

MID CALL CE2OI.I- ,IIAI1,U!11S!.EOL
C D(LREL.OELSL.DELI..OELAL.OELT,N,EEGOXNTEWINT.SlwT,
C 2PSIM.APPIM.AXNT I

* 60 TO 1000
C

300 CALL C0PM3' Gl01111 ).At I ) .A( 101 I.kg11) .04 1I.S1I I 3.DELMW,
C OELIRM.OELSNOELSS4.DELAH.OELTNH..QiNTnRiHT,sfl4T,
C OPIINAPINAINT1
60 TO 1000

La C
600 CALL CONe I .SHOCK.CNACT .JLNOOE .It40E .QQSTEP .MRSTEP ISTEPI

60 TO 1100
C

NO0 CALL COPS1 041 .411-1l,1.111).A I ),A# 1-1,,I.141 .4011 )4bqIx
C SIII.OELQOL.O[LOQH.OELRRL.DILPR14.OELS.,OELSH.OELQL,
C OfLH.0LAL.DILANH.0EDL?,G!NTNININ.SINTAltET,
C 'PIM. AP*IM. SOCXCNT ACT I

GO CL TO 1000

6 CALCONDA' SMOCK.CNT ACT, HALT I
GOSTIPs0 00

SSTIP0 00

60 TO 1100
C

'00 CALL NOQ 4:aO(W.CMTACP. OfLT. STMAA, 0N. MAL ,41. II

ssylPso 00

so to 1100
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C
no6 CALL COHO7I4ESHOCK ,CNTACT ,DELT .SIUIA.IZI .HALT,0I I) X)

RESTEP*0.DO
SS1EPu0.DO

go To 1100
C

7n0 CALL COM731 SIGMA ,H4ALT PSNOCK ,CNTACT I
OUSTEPvG.0
RRSTEPaG. DO
SSTEPEO.Do

GO TO 1100
C

800 CALL C0ODSSHOCK,CNTACT,HALTI
GOSTEPvG. 0
MRSTEPsO .00

SSTfPuO .0
GO TO 1100

C
900 PRINT 0 * AN IMPOSSIBLE SITUATION EXISTS -ERRORI

GISTEPuO.DO
MRTEPsO.0O
SSTEPuO .0

HALT a 1
GOTO 1100

C
C------------CALCULATE OLTA QO. OLTA RR A OLTA S
C
1000 OLTA4QOINT-O( I)

OLTARRxRRINT-RRI I
OLTASsSINT-SI I

C
C ---- CALCULATE ZtK) IS-----------
C

* C
LAVIE limAINT1).A(I)/2.OO
LAVOI 3)31AINTI 3)*I.AE1/2.0000
AAVOI 2 1..0000
SAVO a ISINT*SEfll/2.OO
ZE 1 I-I 1.0000/62 )*AAVGI 1 1MWSAVG-GZ Vt OPRIME 1)-GZWAPRIM~I I
Z(I I.E.0000/62 I*AAVGI3I.ESAVG-0ZI.EQPRliH3I.G2*APRIIE3JJ
212 0. 0000

C
C --- INTEGRATE THE ZEK 1'S ------
C

INTEGI 2 1 0. 0000
INTEGI 1 lZE 1 I0ELT
INTEGI 3 zluZ 3 IWOELT

C
C ----- SOLVE THE EQUATION------
C

QQ3TlPuOLTAQQ*INTEGl 1)
MRTEP*OLTARR*INTE6I 31

SSTEPuOLTAS*INTEGIZ2I
C

a'C ----- STORE THE SOLUTION------
C
1100 NEOW I IzQQI I I.QQSTEP

NEIEREI luRR(I IRRSTEP
NENSE I USE I ISSTEP

C
C ------ 0TO NEXT NOOE -------
C

181#1

1200 CONTINUE
DORY a 2
IPEIZE1I.EQ.N) THEN
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ELSE IFISIGKIII,Z).EQ.3.00OJ THEN
SK m I

ELSE
SK a 0

END IF
CALL SONRY(O(NI,QIN-1),RSOA(N),A(N-1),QQIN),Q(N-),RIlN),

C EI IN-i 3,51N) ,SIN-1I .,EE DELTRSNDRYRSitOPRSRBOPR,RBDOR,
C POTRJNEI9QIN INENRRE N) NEHSIN 3,6,01 ,OZ HALT,BORY SKI

C
C-------------UPDATE THE VARIABLES -----
C

181
1210 IF (I.EQ.N+1) GOTO 1220

RR(tI )NEHRR I)
0011 )aNEHQO( I)
St I )uNEW'S(I I

101+1
COTO 1210

1220 CONTINUJE
RETURN
END

C
C H
C
C UCONDITION SUBROUJTINES 1-8
C
C
C

SUBROUTINE CONDIQQIIPAI,AIPIRR,QQ,S,ELQQLDELRR.DELsI4.
C OELSL .DELQH ,DLA" ,OELQL ,DELAL,.N EE .OELT .QGINT,
C RRINT,SINT,QPRIMAPRIIIAINT,QIM1,AIM1II

C
C ~ 4HIUU***UW***U*HN****U4H.*U
C
C USUBROUTINE CONDITION 1I
C
C .U..-.- :~U*U4~U4I*U*.U
C
C ------ USED WH4EN NO CONTACT SURFACES NOR SHOCKS WITHIN H OF NOE----
C ------ AND FLOM IS SUBSONIC --
C ------ CALCULATES QQINT,RRINTSINT,QPRIM,APRIM --
C ------ USES FORWARD AND BACKWOARD DIFFERENCE SCHEMES --
C
C
C----------------VARIABLE DEFINITIONS------
C
C Al -All)
C AIMi All-2)
C AIPI -A1+1)

C ElK) - ACTUAL ERROR IN CHARACTERISTIC SLOPE CALCULATION.
C LMlD - SLOPE OF THE CHARACTERISTICS (Q*A,Q,G-AI
C Q0 - Ql1
C QIMi Q101-1)
C QIP1 Q0111
C

DIMENSION LMD(31,DELX3,QINTI31.AINT13IE13),PIMI3 1 APRIM131
INTEGER K
DOUBLE PRECISION QI.0IPIAIAIP.RR,QPSAIM,(U1l,

C OELQQL,DELRR",DELSIOELSLOELQI4,DELAN,DELQL,
C OELAL.N.EE,OELT,LMDDELX.QINTAINT.E,
C OQINT ,RRINT ,SINT ,QPRIM ,APRIM

C
C C------ INITIAL ESTIMATE Of CHARACTERISTIC SLOPES --
C

LMOEI) a GIMi AIMi
4 * 111002) a 91

LMDI3) a QIP1 AIPI
C
C ----- CALCULATE LINEARLY INTERPLATED VALUES Of Q AMD A---
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C
10 K 2
207 IF K.LT.4) THEN

DELX4K) a DELT * LMD1K)
If (LHDIK).LT.O.0DOOI THEN

QINTIK) a QI - IDELX(K) * DELQH / H)
AINTiK) a Al - IDELXIK) * DELAN / H)

ELSE
QINTIK) a 41 - IDELXIK) *DELOL / H)
AINT(K) m Al - IDELXIK) * DELAL / H)

END IF
K a K +.1
GO TO 20

END IF

C ----- CALCULATE ERROR BETWEEN ESTIMATED SLOPE AND NEW SLOPE---
C-------FROM MEN INTERPOLATED VALUES --
C

fi1l a DASSILMO1l) - IQIWT12I * AINT11I)
1(2) w DABSILMOIZ) - 1QINTIZ3I3
143) a OASS4LM(3) - IQINT(3) - AINT11)3

C
LIW1lI w GINT~l) AINTl)
UMD(2) a Q1NT123
I.113) a QINT43) AINT13)

C ----- COMPARE ERROR TO ERROR TOLERANCE LEVEL, ITERATE TIL MET---
C

IF (IEI1).GT.EE3.ORt.IEEZ'.GT.EEI.OR.1E1.GT.EE)I GO TO 10
C
C ----- CALCULATE LINEARLY INTERPOLATED VALUES OF REIMAN--
C-------VARIABLES AND MODIFIED ENTROPY AT POINT A --

4 C
WINWT a u - IDELXII) 0 'DIASI / til
IF (LflDIZILE.O.0OO0l THEN

SINT 8 S - I DELX(Z I * (DELSH / Hil
ELSE

SINT a S - EDELXIZ 1 0 IDELSL / HI I
END 27
RRINT a RR - fOELX133 4 IDELIRM 111il

C
C -- CALCULATE SPATIAL DERIVATIVES--
C

RPRIHI II a I QI-QImi I/H
QPRII4IZI a O.DOO
QPNIM31 a I QI P I-QI )/H
APRIM111 a IAI-AIH1I/H
APRImitI a 0.000
Apormist3 s (AIPI-AII/1H
RETURN
END

C
SSUMTINE CONSZESI,QIMI,AI.AIM1,RR,GQ,S,DELGQL,DELRELDELSL,

C DELQL.DELAL.DELT,HEE,QQINTRRINT,SINTPqPRIM
C APRIK,AINTI

C

C
C aSUBSROUTINE CONDITION Z
C

4. C
C -- ACK14ARD DIFFERENCE ALGORITHM FOR CALCULATING--
C --- RRINT,QQINTSINT PAPRIMQPRIM,AINT--
C

OIMENSION LiOl 3 I .OELA1 3 1.QXNTI 3 I .hApT' 3 I.El 3' I.PRIMI 3S 1APRIpqI I I
INTEGER K
DOUBLE PRECISION QI.OIM1,AI,AIMIRR.QS.SDELGOL,DELRRLDELSLt

C DELQL.DELAL.DELTH.EE ,AINT .QINT.LND.DEL(.E,
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C T SINR T . ,EW ? PRIPAPRIM
C

C --- IITIAL ESTIMATE OF CHARACTERISTIC SLOPES ---
C

ULIDIl 1 0111 * AlHI
LMI1 2) 1 Ii*

LNII ) 41 - Al
C
C ---- CALCULATE LINEARLY INTERPOLATED VALUES OF Q AN A -----
C

10 K a 1
Z0 IF IK.LT.4) THEN

OELXIK) a CELT 0 LMOIKI
QINTIK) a Q - IOELXIK) 0 OULQL / H)
AINTIK) a Al - IDELXIK) * OELAL / Hi
K aK * 1
GO TO ZO

UFD IF

C
C ----- CALCULATE ERROR BITWEEN ESTIMATED SLOPE AND NEN SLOPE- ..
C ------ FROM NEW INTERPOLATED VALUES ----
C

l I) a DABS(LIIDil) - aGINT1l) * AINTIl)))
[it) a DABSILND12l - QINTII)
143) a ABSILI0131 - 4QINTIS) - AINTI31))

C
MUDIl1 2 QNTI1) * AINTIl)
LUIZ) a QINTI)
LM1(31 a QINTE3) - AINTI)

C
C .... COMPARE ERROR TO ERROR TOLERANCE LEVEL8 ITERATE TIL MET -----
C

IF 00E1.TE)O.EZ.T.~.R141G.E)G TO 10
C
C ----- CALCULATE LINEARLY INTERPOLATED VALUES OF REIMAN --
C ----- VARIABLES AN MOOIFIED ENTROPY AT POINT A -----
C

WlINT a QO - (DELXIX) I IOELQGL / HII
SINT * S - IDELXI I IOELSL / fil
ROINT O RN I DELXI) 0 (OIELRRL / Nil

C
C --- CALCULATE SPATIAL DERIVATIVES

C
lPNIMII a !QI-QIMi )/H
QP*IMf~ 2 0.000
PRIMIS)I iI-GIMI 1/14

APAIMI(I I IAI-AIMI)/H
APRIMIZ) a 0.000
APRIII 1 a I AI-AIMI )/W
RETURN
ING

C
UBROUTINE CON03 (I1 IPI,AI ,AIPI ,R ,,S ,SOf LH ,POI LROM O LSH,

C DELH,.OLANELT,HEEQQINT ,RRINT,SINTQPRIM,
C APRIM,AINTI

C ________=================

'C 4*a40*c
C a SLA14UTINE CONDITION 3 0
C
C *e o U Io4I ..4 .0*II e*4w~e...*0a
C
C --- FOIKARO DIFFERENCE ALGORITHM FOR CALCULATING ---
C --- *IINT ,QINT SINT ,APRIHGQPIMAINT ---

C
0tIPNSION .NOI '.OEL;{I S INTI 3 iAIPETI 31,113 IQP*| " IAPIMI 3
INTEGER K
DOWLE PRECISION QI,IPlpAItAIPlN..QQS,

C DLQQtIN LOELRM DLSH ,OiLIW .ODLAH,
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C ULT ,EN A AINT QINTLMD,DELXE,
C WENTRRINT ,SINT QPRI[,APRIM

C
C ---- IMTITAL ESTIMATE OF CHARACTERISTIC SLOPES ---
C

LD11 a frt * Al
LDI1 ) a 01
LMD I a Q*IPI - AIP1

C
C ----- 'CALCULATE LINEARLY INTERPOLATED VALUES OF 0 AND A ---
C

10 K a I
20 IF IK.LT.4) THEN

DELXIKl a DELT 0 LHOEK)
QINTIK) a Ql - IOELX(K) * DELON / HI

AINTIK) a AZ - IDELXIK) * DELAH / HI
K a K # I
00 TO 20

END IF
C
C ----- CALCULATE EIRROR IETiEEN ESTIMATED SLOPE AND NEW SLOPE -----
C ------ FROM EN INTERPOLATED VALUES ----
C

I111 a DABSILMDIII - (QINT(EI AINT(IIII
3II) a DAS(LNIZI - QINTI2I)I1
Ki3 a DABSILMD3) - iQINTI3) AINTI311)

C
LMO41) a QNTI1) * 1INTII)
LUE!I a UINTIZ)
LM)0131 w OINT131 - AINTE3I

C
C ----- OOMIPAR ERROR TO ERROR TOLERANCE LEVEL, ITERATE TIL NET -----
C

I, PIIEI1).9T.EE ).OR. 1E21.9T.EE).OR.Et31.GT.EEII GO TO 10
C
C ----- CALCULATE LINEARLY INTERPOLATED VALUES OF REIMAN -----
C ----- VAIIIUABLES AND MODIFIED ENTROPY AT POINT A ----
C

N][NT a 00 - I OELXI! 1 0 DELOON / N)
SINT a S - IOELXIZ) 0 0ELSH / H)
RINT a *1R - I DELXI3) • DELREN / NJ

C
C --- CALCULATE SPATIAL DERIVATIVES ---
C

OPRIml l aI QIP1 1'/O.
aoNREMIZ a 0.000

IPtiEll 3) a EOIPI-0l)/N
APOIMl I a IAIPE-A l /N
Apl2HI) 0.000
APRIME31 a IAIPI-AI)/H
RETURN
END

C
SUIROUTINE CND*I I ,SNOCK ,C'TACT ,J, LNOE RH4OOfE ,QSTEP ,RRSTEP,

*C SSTEPI
C

* C
C • •
C SIOIUTINE CONDITION 4
C •
C
C
C --- A SITUATION EXISTS AT NMI0 I THAT WILL OE CORRECTED IN ---
C --- SUIRUTENE COfRCT. D400E ARRAYS ARE GIVEN INFORMATION
C --- ON N00I OCATION AND SHOCK/CONTACT SJRFACE PICTURE ----

C
C----------------VARIABLE DEFINITIONS ------------
C
C CDPTI - DENOTES NOW "ANY NOSES NEED TO N CORRECTED
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c THIS TIME STEP
C

DIMENSION LmOE(4) tiNODE(4)
INTEGER LNOOE ,RNOOE ,1 ,SHOCK ,CNTACT ,J ,CD4TK
DOUBLE PRECISION QSTEPPRRSTEPPSSTEP

C ---- ASSIGN FIRST NODE ENCOUNTERED DURING THE NEM TIME STEP TO ----
C ---- LNO--
C

IF(LNOOEI4).LT.J) THEN
C04TlK a 1

END IF
IF(CD4TRK.EQ.11 THEN

LNOOEIII a I
LNOOE(Z1 a SHOCK
LNOOE (3 a CNTACT
LNODEI4I a J

C
C ---- IF A SECOND NODE WITH CONDITION 4 IS ENCOUNTERED IN THE -----
C ---- SHEEP, THIS NOOE IS ASSIGNED TO RNODE-
C

ELSE
RNOOEIl) a I
RNOOE(2I a SHOCK
RNOOE13) a CNTACT
RNOOE4I1 a J

END IF
C
C -- LNOE AND RHODE KILL OE "APED" OVER DURING SHEEP THUS -----
C ---- THEIR **STEP VALUES ARE SET TO 0 ----
C

GISTEP a 0.000
IRSTEP a 0.00
SSTEP a 0.000

C
IF(CD4TRK.EQ.1l THEN

C04TRK a CD4TK * 1
ELSE

CD4TRK a 1
ENo IT
RETURN
END

C
SUSPOUTINE CONOSIQI ,QtI ,QPIAI,AZIM,AIPIRRQQ,S,DELGQL,

C DELQQHODELRRLOELRRHDELSL, ELSH.ELQL.DELQH,
C DELAL ,OELAH,H oEE ,DELT ,QQINT ,RRINT ,SINT ,AINT,
C QPRIN,APRIMSHOCK ,CNTACT )

C
C 4HS41u* *EU--------------------------=.--= = :=

C 0

C S SUBROUTINE CONOITION S a
C S

C
C
C --- FOR SUPERSONIC FLOW WITH A DISCONTINUITY ON ONE SIDE OF THE NODE-
C --- CALCULATES QQINTRRINT,SINTAPRIMQPRIMAINT ---
C

DIMENSION LMDI0 ) ,ELXI 31 ,QINTI 3) ,AZNT$I 3,E13 ),OPRIMI 3) ,APRIM1 3)
INTEGER K,SHOCK ,CNTACT
DOUBLE PRECISION SI ,A ,RR ,Q,S,QIM,QIP1,AIM1,AIP1,

C EEDELTLMDDELX,QINT.AINTEDELQL,DELQ4,DELAL,
C SQINT SINT,RRINT ,QPRIMAPRIM,0ELAH,Hm
C DELQQL, DELQQ,DELRRL,OELRRH,DELSLOELSH

C
C --- DISCONTINUITY ON LEFT, HEADED RIGHT, NOT CROSSING NOOE ---
C

1FII SHOCK.EQ.322 .OR.lCNTACT.EQ.322 ! I THEN
C
C ----- INITIAL ESTIMATE OF CHARACTERISTIC SLOPES ----
C
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LMDIl) a 0 Al
L.1112) a QI
LMO ) a QIPI - AIPI

C
C ---- -CALCULATE LINEARLY INTERPOLATED VALUES OF Q AND A ---
C

10 K a 1
ZO IF IK.LT.4) THEN

DELXIKI a fELT * LMD(K)
QINTEK) a Q - (OELX(K) * DELGH / H)
AINTIK) a AT - (DELXIK) * DELAN / H)
K aK * 1
GO To ZO

END IF
C
C ----- CALCULATE ERROR BETWEEN ESTIMATED SLOPE AND NEW SLOPE -----
C ----- FROM NEW INTERPOLATED VALUES ----
C

Eli) a DABS(LMOE1) - (IUNTI1) AINT1I1))
E12) m DABSILMO1Z) - QINT(2))
E13) a DABSILIM043) - (QINT(3) - AINTI3)I1

C
LMU(1) a QINTIl) AINTIll
L.140(2) a QINTI2)
LM013) a QINT131 - AINTI3)

C
C ---- -COMPARE ERROR TO ERROR TOLERANCE LEVEL, ITERATE TO MEET -----
C

IF(IEII).GT.EE).OR.(E(Z).GT.EE).OR.IE(3).GT.EE3) GO TO 10
C
C ------ CALCULATE LINEARLY INTERPOLATED VALUES OF REIMAN -----
C ----- VARIABLES AND MODIFIED ENTROPY AT POINT A -----
C

M INT a 00 - (DELXIl) * 0ELQQN / HI
is SINT a S - IOELXIZ) * OELSH / 4)

RRINT a RR - (DELXI3) * DELRRH / HI
C
C --- CALCULATE SPATIAL DERIVATIVES ---
C

OPRIMIl) f EQIP1-QI)/14
QPRIM(2) *0.000
QPRIMi3I * IQIPI-QT)/H
APRIMIl) m IAIPI-AIJ/H
APRIMIZ) a 0.000
APRIMI31 a IAIPI-AI)/H
END IF

C
C --- DISCONTINUITY ON RIGHT. HEADED LEFT, NOT CROSSING NODE ---

-,i C
IFISHOCK.EQ.232).OR.(CNTACT.EQ.Z32)I THEN

C
C ----- INITIAL ESTIMATE OF CHARACTERISTIC SLOPES -----
C

L'DE1) 2 QIMi * AIMI
LHOIZ) a QI
LM11i3 a Qa - At

C
C ------ CALCULATE LINEARLY INTERPOLATED VALUES OF Q AND A-

* C
30 K a 1
40 IF IK.LT.41 THEN

DELXIKI a OELT * LMOfE)
GINTIK) a QI - (DELXIKI 0 DELOL / H)
AINTIKI a At - 1DELXIK) • DELAL / HI
K( x K * I

;0 'O w0
END IF

C
C -----CALCULATE ERROR IETWEEN ESTIMATED SLOPE AND NEN SLOPE ------

1"7?
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C --- FROM EN ZNTERPOLATED VALUES.----
C

Ell) a DABSILND(L) - IQIZNTIll + ANTIl)))
fit) a DABSILMImZ) - QUNTIl2)
113) a DABSILI.DI3) - (QINT13) - AINTI31)I

LiU1l) a 61141(1 + AINT~l)
LUD1t a QIINT1ZJ
U013) a QINTI3) - AINT(3)

C
C ----- CDARE ERROR TO ERROR TOLERANCE LEVEL, ITERATE TO MEET -----
C

IF (IEIl).GT.EE).OR.LEIZ).GT.EE).OR.IE(3).GT.EE)) GO TO 30
C
C ----- CALCULATE LINEARLY INTERPOLATED VALUES OF REIHAN ----
C ----- VARIABLES AND MODIFIED ENTROPY AT POINT A ----
C

INT a 66 - (OELX(1) * (OELOQL / H))
SINT a S - IDELXI2! * (DELSL / H))
RAINT a RR - (DELX(3) I* DELRRL / H))

C
C --- CALCULATE SPATIAL DERIVATIVES ---
C

iPRIM41) a IQZ-QIH1)/H
QPRIH(2) a 0.00
QPRIM13) a !QI-QIN1)/H

APRINMl) a (AT-AIM1)/1
APRIPB23 a 0.DOO
APRIU31 a (A-AIHl)/H
END IF
RETURN
END

C
SUBROUTINE CONM61 SHOCK ,CNTACT ,HALT I

C
C
C
C SUBROUTINE CONDITION 6 U
C U o
C
C
C

INTEGER SHOCK ,CNTACT ,HALT
C

PRINT , 'THE SITUATION FOR CONDITION 6 MITH THE CONTACT SURFACE
PRINT * ,'TO THE RIGHT OF A SHOCK BOTH HEADED RIGHT OR THE
PRINT , ,'CONTACT SURFACE TO THE LEFT OF A SHOCK BOTH HEADED LEFT'
PRINT ,'ADOITIONAL LOGIC IS REQUIRED TO PROCEED*
PRINT ,'SHOCK 2',SHOCK,' CONTACT SURFACE al.CNTACT
HALT a 1
RETURN
END

C
SUBRO.UTINE CON7( SHOCK ,CNTACT ,DELT ,SIGA ,12 , ,H ,HALT ,Q

C
C
C •
C • SUBROUTINE CONDITION 7
C U •

C
C

DIMENSION SI[@qAL,2),I214)
INTEGER HALT,SHOCK,CNTACT,T2,1
DOUBLE PRECISION OELT.SIGMA.H,Q

PRINT , 'CNOITION 7 REQUIRES THAT THE CONTACT SURFACE AND
PRINT ,'SHOCKIHOVING IN OPPOSITE DIRECTIONS) MEET AND CROSS.
PRINT a ,WE41N THEY INTERSECT,THE RESULT IS A FUNCTION OF EXIST-:
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PRINT * 'ING CONDITIONS AROUND THEM. BOTH THE ORIGINAL SHOCK
PRINT * *'AND CONTACT SURFACE HILL EXPERIENCE VELOCITY CHANGES .
PRINT * 'THIS SUBROUTINE WOULD HAVE TO CALCULATE WHEN AND WHERE'
PRINT S* o'ITHIN THE TINE/SPACE ITERVAL THE SHOCK AND CONTACT
PRINT * 'SURFACE INTERSECT. THIS IS BASED ON KNOWN SPEED AND
PRINT * 'THEIR RESPECTIVE LOCATIONS. THIS NEW TINE, DELT(NEHJ
PRINT * *'THEN COULD BE USED TO RERUN "SWEEP", WITH CONDITION 7S'
PRINT * 'EXISTING AT TINE a T * DELT(NEH). ADDITIONAL LOGIC IS'
PRINT S* 'REQUIRED TO CONTINUE.'
PRINT * ,SHOCK z*,SHOCK,' CONTACT SURFACE * ,CNTACT
PRINT * 'SIGMAI1,1) w*,SIGAI1,1),' SIGMIA(1,2) zl,SIGMA(1,2)
PRINT * 'SIGMAI2,1) 2',SIGMA(2,1),' SIGMAIZ,Z) x,SIGMA(Z,2)
PRINT P 'CONTACT SURFACE VELOCITY ' ,Q
PRINT * 'NOOE I O',l
HALT a I
RETURN
END

SUBROUTINE COND7NISMOCK,CNTACTDELT,SIGMAIZ ,IH,HALT,QXI
C
C S S

C S SUBROUTINE CONDITION 7 N
C S

C

DIMENSION SIGNA(4,Z I,I24)
INTEGER HALT,SHOCK,CNTACT,It2I
DOUBLE PRECISION DELTSIGMA,H,Q,X

C
PRINT 0 ,'CONDITION 7N REQUIRES THAT WHEN EITHER A SHOCK OR
PRINT ,'CONTACT SURFACE JUMPS A NODE IAS DETERMINED BY
PRINT * ,'COMPARING SIGNA(L,1I TO SIGMAIL,211 A CONTACT SURFACE'
PRINT 0 ,'OR SHOCK MOULD BE NET AND CROSSED DURING THE JUMlP.
PRINT * 'THE RESULT HHEN THEY INTERSECT IS A FUNCTION OF
PRINT 0 ,'EXISTING CONDITIONS AROUND THEM. BOTH THE ORIGINAL'
PRINT 0 ,'SHOCK AND THE CONTACT SURFACE WILL EXPERIENCE VELOCITY'
PRINT a ,'CHANGES. THIS SUBROUTINE WOULD HAVE TO CALCULATE HEN'
PRINT 0 *'WITHIN THE TINE INTERVAL AND PHERE SPACIALLY THE
PRINT *P 'INTERSECTION OCCURS. THIS IS BASED ON KNOWIN SPEED AND'
PRINT * , 'THE RESPECTIVE LOCATIONS OF THE SHOCK AND CONTACT
PRINT 0 v'SURFACE. THE HEM TIME, OELT(NEWI. COULD THEN BE USED
PRINT 4 , TO RERUN "SWEEP" WITH CONDITION 4. AT "HIS NODE, AND
PRINT o .'SIG12At,'1 2 SIGMAIlZa) SO THAT CONDITION 7S WOULD
PRINT 4 .'RESULT IN 'HE NEXT TIME INTERVAL.'
PRINT 4 tSHOCK m',SMOCK.'CONTACT SURFACE *',CNTACT
PRINT 0 'SIGMAl1,1I s'.SIGMAI1,' SIGMAEl,Z) a',SIGtA(I,Z
PRINT 0 P'SIGMAII) 8',SIGMAIZI),' SIGMA(Z,2l *',SIGMA12%2
PRINT 0 P'CONTACT SURFACE VELOCITY *'.0
PRINT 0 .'IODE I ,0 LCATION AT ,A ',A

HALT a I
RETURN
END

C
SUROUTINE CON07SI SIGMA PHALT ,SHOCK ,CNTACT I

C

C a
C a SLUROUTINE CONDITION 7S U

C a U

C
C
C

DIMENSION SINA14,21
INTEGER SMOCK .CNT ACT HALT

* ~~CLILE ; :z '4 GMA
C

PRINT a ,'CONDITION 73 HAS SEEN MET THIS MEANS THAT THE SWXit
PRINT a .'AND CONTACT SUAFACE ARE LOCATED AT THE SAME x AT A

I'
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PRINT * ,'TIME OTHER THAN ZERO. THIS SL5ROUTINE WOULD HAVE TO
PRINT , 'OETERINE THE RESULT Of THE INTERSECTION BASED ON THE
PRINT * 'CONDITIONS TO THE LEFT AND RIGHT. ADDITIONAL LOGIC IS'
PRINT 0 *'REGUIRED TO PROCEED.'
PRINT * ,'SHOCK .',SNOCK,' CONTACT SURFACE ,CNTACT
PRINT * P*SIGAM1.1) z'pSIOGAI1vI),* SIGMAIZ,11 6',S AIZ.1I
HALT a 1
RETURN
END

C
$SRUTOUTNE CONDE SHOCK ,CHTACT ,HALT )

C

C U

C * SUBROUTINE CONDITION 8 0
C a a
C
C

INTEGER HALT,SHOCKCNTACT
C

PRINT * ,'CONDITION 8 COULD RESULT ONLY AFTER THE ORIGINAL SHOCK'
PRINT , *HAS CROSSED THE CONTACT SURFACE. AND THE SUBSEQUENT
PRINT ,'CONDITIONS DETERMINED. ADDITIONAL LOGIC 1S REQUIRED -0'
PRINT a ,CONTINUE.,
PRINT a ISHOCK a*,SHOCK.' CONTACT SURFACE a'.CNTACT
HALT a 1
RETRN
END

C
SLOI ~JrNE CO1SCTI LE .N E .N.Sgl .. e.A,,'.'* , .;'. .. :..

C AR.OQVS.Ag.
C

__* C a

.,- C

C * ISCONTINUITY "" RlRCIO.N SU WT1NE a
C
C------- ----- - -- .
C
C-- -------------- ARIABLE .FINITINS ------------
C
C . WTRP - O OIFS T ENTO ,Y
C SNOSPO - SONIC VfLOC:TY

ZI "IEO:~RL'IE 0 SHOCK. _ff SIDE
C A -VELOC:'v QfLAT:vt 10 '"1 imoc. axG#." stof
C /LC-y - /EOC:Tf
C

IWTER LHIME.0E0 .I.mMNOE.S4 mr.CwNTt
DIMENSION L DE.NSIIS~*Z.Qw.nN~fIIo

... -+ NI' l , e.1l,.:.M F IZlL _ AU )Q. .1
C

C
C C- OE'INEtt STATEMENT rUNCTjIS--

C

4 4 C 0)C -- SIT 1NV1*L -'AiAS Of IfASIMOLS TC :iRC--
C

PDO 000D')

A&
AS 0 000
%a * 0 0o

,-%



----------

a a 0.000
.r1 SA a 0.000

N1  So a 0.000
00 IS Kui,4

XAIK )O.00
XB (K I-O. 00

iS CONTINUE
C
C ----- DETERMINE IF ONLY ONE NOCE NEEDS TO BE CORRECTED OR Two -----
C ----- NODES. ALSO, IF SHOCK AND CONTACT SURFACES ARE CLOSE ----
C ----- ENOUGHINITH IN ZH) TO INTERACT ----
C

IFII.NOOEIZI.EQ.'.OOI.OR.iLNODE(3i.EQ.10011 THEN
:F!ILNOOEIII.GE.(RNODEI1l)-Z).AND.(RNOElII).GT.0)) THEN

GO TO 20
ELSE

GO TO 30
ELSE ENO IF

- ... ,ELSE IFIRNOOE(1I.GT.O! THEN

GO TO CO
ELSE

GO TO 10
END IF

C
C ---- BRANCH HERE IF ONLY ONE NODE TO BE CORRECTED ILNOOE) AND,- ----
C ---- SHOCK/CONTACT SURFACE INTERACTION ----
C

10 SHOCK a LNOOEIZI
CNIACT 2 LNOOE(31

C
C ---SHOCK ON LEFT. HEADED RIGHT, JUMPS OR NOTsCONTACT SURFACE ON -----
C ---RIGHT, HEADED LEFT. DOESN'T CROSS NODE ---
C

IF. ISNOCK.EQ.322.OR.SHOCK.EQ.S21).AND.ICNTACT.EQ."3211 THEN

C ---- DETERMINE NODE TO RIGHT OF SHOCK AND CONTACT SURFACE ----
C

Z111 a LNODEI11 + I
•-f~l a LNODE(1) + I
CALL DELTAXI IZ,SIG#A,XB,XA,Hl

C
C-.EX'RAPOLATE 0 RIGHT FACE OF CONTACT SURFACE

IF TI~fI.EQ..l !HEN
CAL. 3BORY(RRINI,QQINI.SINI,RRB,QB.S8,AB,QB)

E LSE
CALL EXTRAPI RR( 1212) ),RR( 1212)41 ),QQI11Z) ),QQI 122 ).1),

C S I! 2)),S(12421.1 ),XBI Z),HRRgQ(B,S8,AB,QB)
END IF

.ALCULATE JARIABLE CHANGE ACROSS CONTACT SURFACE ----
C

SA a SIIZ)-I)
CALL CSJUJMPfAB,QS.SSSA,GZ,QA,AAI

C
C- - IF SHOCK INTERACTS CALCULATE CHANGE IN VARIABLES ACROSS SHOCK----
C

-FiSHOCK.EQ.SZ ) THEN
QS a QA
As 0 AA
SO u SA
CALL Z.AJ~lPAS,QB,38,AR,OQ,vS.,GI.A.,AA,QA.SAi
QQA a QQCALCIOA,AA,SAI
RRA a RRCALCIQAAA,SA)kC

- --.--- "4TERPOLATE '0 JOOE IZ! 1)-1 ANO ASSIGN CORRECTED IALUES ----

IF i12(1).EQ.21 THEN
CALL B8DRYI RRAQQA,SA ,RRI 12(l)-i) QQ( 121)-i),

41'.
e 1 '6
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ELSE
CALL INT!RPIRRARRIIE(1)-t),QGAW1412113-23,SA,

C SII1 I-tIXA11l,4XA( 13.14I,RRt( 1-13,

C QII11411)
END IF

ELSE
00(12(2 3-1) a QCALCIQA.AA,SA)
RR(12(2)-13 a RRCALC(QAvAA,SAI
S(1221-1) a SA
A(12(2)-3 a AA
Q(12(23-1) a QA

END IF
C
C --- SHOCK ON RIGHT, HEADED LEFT, CROSSES NODE OR NOT; CONTACT SURFACE-
C --- ON LEFTPHEAOED RIGHT, DOES'NT CROSS NODE---
C

ELSE IFI(SHOCK.EQ.Z32.OR.SHOCK.EQ.231).AND.(CNTACT.EQ.322)) THEN
C
C--DETERMIINE NODE TO RIGHT TO SHOCK AND0 CONTACT SURFACE --
C

1211) a LNODE~l)
12(2) c LNODE~l)
CALL DELTAXIIZSIGMtA,XB,XA,H)

C
C--EXTRAPOLATE TO LEFT FACE OF CONTACT SURFACE --
C

IF (1212) EQ.2) THEN
CALL BBORYIRR13,QQ(1),S(l)RRAGQA,SAAA,QAj

ELSE
CALL EXTRAPtRRI22)-1),RRI22)-),QQIZl2)-1),QQt!Zl)-2i,

C S1I2(2)-1),S(I2( Z)-2),XA(2)HRRA,QQA,SA,AA,QA)
END IF

C
C ----- CALCULATE VARIABLE CHANGE ACROSS CONTACT SURFACE --
C

SA a SIIZIZJ)
CALL CSJIIP( AAPQAtSASBPGZPQB,AS)

C
C--- If SHOCK INTERACTS CALCULATE CHANGE IN VARIABLES ACROSS SHOCK----
C

IFISHOCK.EQ.Z313 THEN
QA = GB
LA a AB
SA aSB

1 CALL .KJL~IPAA,GA,SA,AR,DQ,VS,G,G1,HABGBSB)
~0 GOB = QGCALC(GB,AB,SBI

RRB = RRCALCIQ,AB,SB)
* C

C -- NTERPOLATE TO NOOE(IZ1113) AND ASSIGN CORRECTED VALUES---
C

IF (12(l).EQ.N) THEN
CALL B8DR(RRB,QBS,RR(121),QQ(IZ(1)3S(IZ(1fl,

C A12( 1)),Q(12( 1)))
ELSE
CALL INTERPRRB,RRI2(l).),QQ,QGI12(1)s1),SB,

C SII1.' 1)41),XB' 1),IXB(1)H,RR112113 3,
C Q12(133)1 5112(l)),Af 12(13),G121 1)))

END IF
ELSE

QIIl2t2)) a QQCALCIOSABS)
RAI 12(213 a RRCALCIQB,AB,S83
S112(11 a S8
AlI.2f Z 1 &BI
11 :2l( z I1 2 Gs

so~wO NIGWH.4EA0E MIGHT* DOESN'T CROSS OR ON LEFT ,HEADED---
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C --- RIGHT. DOES CWOSSI AN CONTACT ON LEFT .WNEOD RIGHT, CROSSES---
C --- 00 WWI OR SHOCK ON RIGHT, WEAND LEFT. DOESN'T CROSS MOM -
C --- WITH CONTACT ON LEFT, HEADED RIGNT, 9A CROSSED NODE--
C

ELSE IIISOKE.2.R5O.g3lIASINATE.2
C PTACT.10.322).R.1HOCK .1.232.AND.CNTACT.EQ.3211)
C THEN

C
C ---- DETES4IE NODE TO RIGHT OF SHOCK AMD CONTACT SURFACE --

C
1211) a LNOE1I * 1
1212) a LNOEI1' # I
CALL 0ELTAXI IZSIGIAOXA.NI

C--EXTRAPOLATE TO RIGHT FACE Of SHOCK --
C

IF 1121 1I.EON) THEN
CALL DORYIR~lN),SlN),SINIRRO.GSS.SS.A*,Q

ELSE
CALL ETAIRII),RIII1,~Iw1IQlZ1.I

ENO IF
C
C--CALCULATE CHANGE IN VARIABLES ACROSS SHOCK --
C

IFISHOCK.EQ.2321 THEN
AA W 5AR
3A1 o Iro1/g)uDLOGIZ.DOO.GSIN.2Z)-G.1.000O / IG*1.0OOII
SA2 a G1*DLOGIIIG-l.OOO;.IM'021.Z.DOOI / 110*.0.DOOI

SA aSS.SA1+SAZ
US aQe - VS
UA IS -AA*DQ

* QA aUA * VS
ELSE

CALL SKJJIPf AS .68,5 v. AR DQ,YS .6,0 9GIPHAA .QAU5 I
END IF

C
C--CALCULATE CHANGE IN VARIABLES ACROSS CONTACT SURFACE--
C

IF(CNTACT.EQ.3221 THEN
QQ(121i- a W)QCALClQA.AA.3A)

RRII1)I) 2 RRCALClOA.AA,3A)
S(12(11-11 x SA
Al1211)-13 z AA
Q11211)-l) a QA

ELSE
9S a QA
AS a AA
SS a SA
SA a SI11212)-21
CALL CSJUMPIAB,QBSSSSA,GZ,QA,AA)
OQA o QQCALCIQA,AA,SAI
RRA a RRCALC(QA,AA,SAI

C
C--INTERPOLATE TO NODE1I121 2)-iIl AND ASSIGN CORRECTED VALUES --
C

IF (1212).EQ.21 THEN
CALL BBDRYIRRA.QQASARR(12(2)-11,QQI2121-1),

C S(12(2)-iI,A112(2)-lI.Q(I2121-1))
ELSE
CALL INTERPIRRA,RR(I122)-Z),QQAQQ(1ZI21-2 I,SAi

C S1121 23-2 ),XAI Z1,XAI 2).H)RRI12I2 I),
C QQIIZI)-1).S(1212)-1),A(122)I1
C IIIZ(2)-l)I

END IF
END If

C
* * C ---- SHOCK ON LEFT, HEADED LEFT, DOESN'T CROSS NODE. OR ON RIGHT,---

178



C -- uIie Izwr. CSOSS NOII 0 COhNTACT ON RIGIT MEAO90 LEFT#.---
C --- CSOSSIS HIM1 OR MY1: OR SNOCK ON LIFT, HEAND RIGHT. DOESN'T ---

*C --- CROSS MOVE, 00 CONTACT ON FaNT, HEADED LEFT, CROSSED NMI---
C

ELSI IF4 I SNOCK .E.IJ.0.SNOCK.16.ZSI).ANS.ICNTACT.EG.232.OR.
C CT.E . 3110.SlamK.g. 32. M. CTACT.t.2511 1
C TMN

C
C -- OTEIU NOSE TO RIGHT OF SMOCK AND CONTACT SURFACE~

12121 * mOD)I
CALL OELTAXI1Z.SIGqA.BAA.4

C
C -- EXTRAPOLATE 'O LEFT FACE OF SHOCK --

p C
IF 112111.EG.ZI THEN

CALL S4*MYI RftRI v,0611),51 iRA,.A.SA,AA.QA I
ELSE
CALLE)RARR 21-1.1 2 -2.021-i 012 iI

C Si 121 1 1-1 1.51 121 1 1-2) .XAI 1 I.14 RRA. GSA £,AA ,GA I

C

C ----- CALCULATE CHANGE IN VARIABLES ACROSS SHOCK --
C

ZPISHOCK .[0.3221 THEN
AD a WAAR
SAI a Igl/IoOLOSII2.DOOUGMINUO2I-G*l.0OOI / G*.1.00011
5A2 6 GldOLOGI~lG-l.OOOIIN..2).2.DO0l ./ II0.DOI*

C IM'*11

S a SA4A1.SAZ
UA a GA - VS
US a UIA - 15.00
Qs a )Le * VS

ELSE
CALL SLAP~iPUAA SA ,AR .OQ,VSG.G1 M,AS .05.SS I

END IF
C
C ----- CALCULATE CHANGE IN VARIASLES ACROSS CONTACT SURFACE --
C

ZPICNTACT.EQ.23Z) THEN
QO) 121 1 11 a rXCALCIQS.S8

*RR(:Zt1) a RRCALCIQS.A5.:Sl
S111211) a se
A4 121 1 1I 1 AS
5112111 U 0

ELSE
4.. GA w 0S

A AA 2 AS
SA a S&
So a S(12(2101)
CALL CSJJIPIAA.SA,SA.SSvG2vQS.A&)
SOS a QGCALCI QS,A9,SS I
RRS v ARCALCIQB.ASSS)

C
C--INTERPOLATE TO NODE12Z) AND ASSIGN CORRECTED VALUES---
C

IF 11212 I.Eg.Nl THEN
CALL SORY (MRS.0%,SBRR(122I),QII212II.SI121ZI),

C All121 2 ) .0 12121 11
ELSE
CALL INTERPI RRS,RRI 1121* .QQS.QQI 121 4 1 ,58.

C S(12 I221l,XSI 2 1.1 XB2 I+" ,RRI 1212 11,
C QL 12(2 1) *SI1212 I 1,A 12(2 I I p 1212 11)

ENS F IFEND IF

C
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C ----- BACH HERE IF LNOOE AN6 301 ARE CLOSE ENOH FOR SHOCK-----
C - AND CONTACT SURFACE INTERACTION ----
C
C LEFT NOKE•
C ---SHOCK ON RIGHT, HEADED RIGHT, JUMPS NODE KITH CONTACT ON LEFT---
C ---HEADED RIGHT, JUMPS NODE OR NOTI OR NO SHOCK WITH CONTACT ON ---
C --- LEFT, HEADED RIGHT, JUMPS NODE---
C RIGHT NODE:
C --- SHOCK ON LEFT, HEADED RIGHT, JUPS NODE WITH NO CONTACT SURFACE---
C

20 IF1 I ILN0E9I 2 I.EQ.221 ).AND. I LNOOE(3 l.EQ.321.OR.LNOOEI 3 I.EQ.322 11
C .OR.ILNOOEI21 EQ.100.ANO.LNOOEISI.EQ.321)1 THEN

* cIFiIRNOOEiZI.EQ.3211.ANO.IRNOOEI3I.EQ.100 ! THEN
C
C--DETERMINE NODE TO RIGHT OF SHOCK AND CONTACT SURFACE --

12111 w RNOOEIII * 1

IFILNOOE(ZI.EQ.$22! THEN
12(21 a LNOOE(l

ELSE
12(21 a LNOOEIl) * 1

ENO IF
CALL OELTAXII2,StGMA,,XAHl)

C
C ---- EXTRAPOLATE TO RIGHT FACE OF SHOCK ----
C

IF 412I11.E.N) THEN
CALL SSORYIRRIN),QQNISINI,RRI,Q SSSASG)

ELSE
.ALL EXTRAPI RR2 ZI 1),RRI 121 11+1 I.QQI 12(11 .QGI 12f111 1,

C SI 12( 1) 1, SI 1211 )#1 ,,4 I ,HRRS,QQS,58,ASQS )

END IF
C
C ---- CALCULATE VARIABLE CHANGE ACROSS SHOCK ----
C

CALL SLJIPIA,QBSS,AROQ,VS,G,G1,HAAQASAI
C
C ---- DETERMINE CORRECTED VALUES AT NOODEZZI I J-1) AND ASSIGN THEM -----

d C
IF(LNOOEIZI.EQ.1001 THEN

QQA a QQCALCIQA.AA,SA)
RRA a RRCALCIQ&,AA,SAI

C
C ---- INTERPOLATE TO NOOEIIZ'1:-1: AND ASSIGN CORRECTED VALUES ----
C

IF (121 1.EQ.Z: THEN
CALL SBORYIRRA,QGA,SARRII2III-1),QQiI2I1)-1l,

C S11211 -1lAIIZ(1I-11, 2l -1)l
ELSE
CALL INTERP!RRA,RRII'I 11-2 l,QQA.GQI 12!1 -2 I .SA,

C S 121 11-2),,<Al ,iXAII IHI,RRI 12111-11,
C Q I 121 I-L 1,SIIZI 11-11 3,A( 2l1 I-1 ,
C Q(1Zl1-1)1

END IF
C
C ---- EXTRAPOLATE TO RIGHT FACE OF CONTACT SURFACE ----
C

IF 11212I).EQ.N) THEN
CALL 8ORYRRAIN,QQ(NISNIRRB,GQSSS,ABQSI

ELSE
CALL EXTRAPIRRIIZIZI1,RR112121,1I,QQIIZIZII,QQ112(21.1 ,

C .- .Z 'Il,.Sl17 i I .I,AB:2;)H, RB, ,QQB ,SB ,A ,Q8:

END IF
ELSE

091 1211-1) m f(CALCIOAAASA)
_ ./p " ;QR( 1 .(1i -1. x R RCALC(QA,-AA,;A i

W~~r."5(1 2(11 -1 ) 2 SAA112111-1) a AA

Q12(11-1) a GA
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USE 11221) a 4112111-li
"R112I111 a "I Ito11-l1
54l213 S4121111-il
MUM)ZI Ai£11261-il
4UlZIZI) * 4112111-1)
60 TO 40

ELSE

END IF

EN FSA a SIIZIZI-21

CALL CSJLIIPIA59,0SSSSApG2,QApAA I
00£ a UIChLCIGA.AA.SA)
RRA a RRCALCIOA*AAPSA3

ii C
C--INTERPOLATE TO NODE I 121 2-I I AND ASSIGN CORRECTED VALUES --

IF 11212 1.14.21 THEN
CALL SOYIRRA,QQASA,RR(1122-il,591121-1I,

C S1 1212)-I 1,AI 22- ,0 22-)
ELSE
CALL INTERPI RRARRI 121 21-23 .UA,00E 12121-21 ,SA.

C So 121 t)-2 1 XAI 2 10XAI2).H I RRlI 2121-11 v
C l 22-lS 22-13A 22-)
CQI22-l

END If
END IF

C
C LEFT NODE:
C --- SHOCK ON LEFT, HEADED RIGHT, JUMPS NODE WITH NO CONTACT ---
C RIGHT NODE:
C --- NO SHOCK, WITH CONTACT ON RIGHTP HEADED LEFTJJ4P5 NOD0E---
C

ELSE IFUILNOEIZI.EQ.3211.AND.ELNOOEI3).EQ.10011 THEN
IP: IRt40EI2).EQ.lOOI.AND.IRNOE3 l.EQ.231 33 THEN

C
C -- ETIRKINE NODE TO EIGHT OF SHOCK AND CONTACT SURFACE---
C

Ml1) 6 LNODEI1II * I
12121 I a NOEII
CALL DELTAX1I I2SIGMA,X~vXAvH I

C
C ----- CALCULATE JUMP THROUGH CONTACT SURFACE THEN SHOCK---
C

1F112111.G.121-113 THEN
AA a A1121111
QA a G112: 111
SA a SI 121113
55 a SI 121 2 1*13
CALL CS..RJIPIAA9QA SAv.55 G2 ,QS AS)
QM a QCALCIQ,AS,Sgl
RRS a NRCALC:Q,AB,SBI

C
C--INTERPOLATE TO NODEII1211 I AND ASSIGN CORRECTED VALUES---
C

IF 11212 LEQ.Nl THEN
CALL SODRYIRR,QQ,SSRRI2I)),Q1I1262) 1,511212),

C A(121 21I121 21 1
ELSE
CALL INTERPIRRSRR112l23.),QGSQQI22,ll,SB,

C 51121 2l+1),XBlZI,(Xl 2 3.H),RRI 1212)3.
C QQ 12 2 11112(2)ZI.fl 121 Z:1n1Q(121 2 11

END IF
AS s A(121 III
US 0 Q(!2I111
Se a S1121211
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CALL URJ.W3AS U U AR ,06 VS,6 .61 ,N.AA 6A ,SAI
40A m 66CALCI6AvAAvA)
ERA a XlCALCI6A.MA3A

C
C --- TEMPOLATE TO NOW 1122 1 1-11 AN SSIGN16 COMECTED VALUES --
C

IF 111113.E6.21 TWIN
CALL ISORYIRRAQ6ASA,EMI IlI 11-1 lo663 223 11)9s

ILSE
CALL 1NTEPIEtA,1Rni23-1,z,.A,.63x2111-2,,Sh.

C Sil121 1-2) .XAi 13.3 KAI 1 bM I.113 121 1-I .
C 904 12111-1 1#51 IZI 1 1-1 1,Ai ZI 1 1-1 1*
C ol3zi2l11l

END IF
ELSE

663III113-11 a 6121
40411111-11 a SI( 12411-21

Ait 131-11 a St 1211 -2 1
At 113-11 a A3 12(l13-2 1
441211111 a El1111111.1

6"1124131 a 663 121111
514121231 a 4411221311
323233 a Al 12121.11
M3121211 a 32311

IND IF
[NO I F

C
C RIGHT MOORE:
C --- SHOMM ON uzoWTP HEADED LEFT# AIMS MOSE WITH NO CONTACT ---
C LEFT NOSE:
C --- NO SHOCX9 WITH CONTACT ON LIFT. HEA01O EIGHT, AAS NOSE ---
C

ELSE IiNOII1,1.N.60ES.q10,TE
IFIILNOSI2I.EQ.1003.ANS.ILNOOEI33.-16.3211I THEN

C
C --- 0ETE1MINI NOSE TO RIGHT TO SHM~ AM6 CONTACT SURFACE --
C

12113 a A40E13
12(21 a LN0S013I * I
CALL OELTAXI I2.SIGMA.M.A.H

C
C--CALCULATE JMP THROUGH CONTACT SURFACE THEN SHOCK --
C

1F3232.EG'1211- IITHEN
* At m A1I21211

* SA a 53I121-23
* CALL CSJD3iAS.QS.S@.SA,GZ.QA.AAI

WQA m 6GCALCIQA,AA.SA)
RA a EICALC3SAAA,SAI

C
C--INTERPOLATE TO N40513223 2-1 3 AND ASSIGN CORRECTED VALUES---
C

IF 412121.14.21 THEN
CALL SOnIY'EAGASA,nlIlZi-l,,6g312g23-l,

C S(121 V-1 .AII122;-1.,1Z22p-1))
ELSE
CALL INTEEPI EA,ENI 1232 1-21 .QGA .66121 2 )-2 3.£.

C 31 1232 1-2 I1-04I 2 1,1 XAI 2 1#" I .1101 12' 2 1-1 1.
C WI 1232 1-1I1,Si 12(Z23-1 1 Ai 1212 2-11,
C6122-)

IND if
AA a Al 121211
4A a 01121211
IA a 51123213
CALL SKJUMPIAA.QA.SAARPD6,VSgG61,WASISSS)
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M IMIALCI 0.48.nI

C
C ---- IMKULATI TO WNMI 111111 NO MUIS CONICTIS VALS5--
C

IF ItlI1I.Eg4.101 T"IN
CALL SSYO.Siniri 13140 1.6 I111.IS6III III

C A11411l104I121 11
ELSE
CALL INTEOFI 108,4111111113.04 I .61141 1 1,6

C So16 II I*1 1.4 11.641lN 111 6 I 1 1 ,
C 404 14161 1,111) ,lA 24111,126 I I I

44412111-11 a ow 121 1Z I

31111213-1 a SI SalZ1-9 1

At 11111-1 1 a *it 21 -2

46111111 * 6611111)011
31111111 *S11111'11
41 1111 1U 4At 121 1 1#11
0tll I) a 0411211 11

IND I F
0411 IF

C
C 1114111 MMS
C --- SIl'K ON LEFT. AIA040 LIFT* ARM1 MMS WITH CONTACT ON MIGHT---
C -- 'AD41S LIFT. 0065 NOT CIOSS NMOn 40 314iOCX WITH CONTACT ON---
C --- 4GHT. O EAOD0 61F? CROSSEIII401-
C LIFT NOSE.
C --- SOCK ON RIGHT. 'EA0ES LEFT. AN"S NOSE III NO CONTACT-
C

ELSE IIII40N011Z.E.III.111 AND.1H, 3O1A.hI-EgEQ.
C Z3211 0 011041'2',q114-10 M b~~.Q~LTHEN

IF'LI4SEEI.E.211.A.6LQSESI.O.10IITHEN
C
C --- OITESSII NOS TO IIIW OF SHOCIE ANDS CONTACT SURFACE---
C

3*611 140061
IFI - RONIS.OI.231 1 TIN

a ~~~'21 1I f Ul01 I
ELSE

14 IF
CALL. SLTAXI I.ISIWA.4.Eh.H1

C
C C--- 1XTMAPOOLATI TO LIFT FACE OF %NIOCK---

4 C
IF 12zlI,.E6.2' THIN

CALL S06IOIIl.4ill.Sull.13A.66A.S£.uA.QAI
I LSE
CALLITAP I12 -I.11161-10611-130611-i.

C SOI 2 1i-I .56111i- .A~I 1I.H.IA,QQA.SA.AA,)A I
IND IF

C
C--CALCULATE 'AIA&I ClHANGE 1CI S 1C soc--
C

CALL SKJUDP6AA,O#ASAANDQVS.G,01.N.A.QSI
C
C --- DI'EllINE COAIECTED VALUES AT 4001it.11il AMO ASSIGN THEM----

* C
IFIRNOOIZI.EQ.1O0l THEN

066 QQCALCIQG.A.SI
006 a ACALCIQ.A..8i

C
C--INTERPOLATE TO NOSE I II 1II £AND ASSIGN4 CORMECTE0 VALUES---
C
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TV 41211.1.1111. T3N
CALL 3Sei36SS.~III I owlII11 ,soIII I I),

C AItitls.0iltilil3
ILSE
CALL IIRPII S.R 12 11 1 1S1 I). l III 11 I.S5 .

C AZ2 1| .I .llII1.3R 2 I.
CAso IITEl 11*1 Oatl I~ 1 011,14 1.l Opel 2, 111 .l

C W4111 .1111311 )vA 121111 II. I I I ) )
D6 IF

C
C -- EXTRAPOLATE TO LEFT FACE Of CONTACT SAFACE -----

C
IF 121411.14.Z) THIN

CALL SORYIRRII3,0ll S|2II, .RAOGA.SA.AA.QAI
ILSE
CALL EXTRAPRRI212-I.RRIZ2II-l,0I Z121-1l.0I11l1I-21,

C 5121 z )-lI 9S IZ 121 I,XAI Z i .H NRA,.QJ.3A.AAQA I
IND IF

ELSE
411211)) a SCALCIO,A&.SSi

III 121111 a RR1CALCIB.A8.SSI
$1121 11 1 aS
A412111) a AS
of 121 111 a

IFI RNOOtI II.I@.212 I THEN

#8 R3111131I1 a 111121111
S0411111.11 a QQ4121111Ili110) a l~llf~l.J
S11411*11 SIIZIllp
A1111313 1 £1zI 1I

00 TO 1.0
ILSE

SA * AS
-d' SA * Sl

I IF
IND IF

JSo

C
C ----- CALCULATI VARIASLI CHANGE ACRO CONTACT SURFACE -----

V C
CALL CS.AJIPIAA .0SA.S.92GS .ABI
Oft 0 %UQCALCIG,A.SSI
R 4 R CALCIOSS.58I

C
C -. NTIRIPOLATE 0 0011 121 I 140 ASZON CORECTED VALUES -----
C

IF 1121l.4.NI THIN
CALL 111ORYIRRISO,SS.RRI 211 36 1 I,I ,11Z X I ),o

- £32232 P ,Qa 1212333J

ILSE
CALL INTEPIRRSRIIZIZ'.l,00112123.L3.SS,

C 1112323.11 ),I 21,( ZI 2~l 3*H 3 .15 2l~l~ 231

ENS IF
ENS INS IF

m* !IND IF

0 TO 40
C
C -- AINCH HIRE IF THERE ARE ONE Ol TWO NODES TO CORRECT, UT THEY ---
C --- ARE SIPERATED BY MORE THAN 2N. CHECK FOR SHOCK/CONTACT SURFAC---
C --- INTERACTION. ANO CORRECT APPROPRIATELY --
C

RO NOCE * LNOOEII3~SHO1CK •LNOOE I l

CNTACT L'NOOE1(I THE
C

L c--- NO SHOCK, CONTACT SURFACE ON LIFTe HEADED RIGHT, JUMlPS NODE1 ---

II~~~3 IFI I C. IQ. Ill .AND. ICINACT. IQ. Il I T IHEN
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19(t 1 0 WOO! * I
CALL O6LTAX( II SIH .4 .XA.H)

C
C ----- CHE CK FOR A SHOCK INTERACTING WITH CONTACT SURFACE AT 001O ---

C
IFI I SISNA( 1.2). LT. IXII 23.H9 1 .AND.

C I ouAI 11.6. 1XII 2M)THEN
As a A1121211
a * 01121239
Sig a S4121211

ELSE
C
C --- EXTRAPOLATE TO RIGHT FACE Of CONTACT SURFACE --
C

IF (12121.EOIN) THEN
CALL SORYI RAIN) QQ(N I,SIN I RSpQQSqSS9AB*QS)

ELSE
CALL ETAIR 221RI1191,11110122.1

C St III ) I psi1212)#11XB 12), fillRs 4,30.S,AS.41 I
END IF

END if
SA a 31111-2 1

C
C --- CALCULATE VARIABLE CHANGE OVER CONTACT SURFACE--

C
CALL CS.ARII ABP ,SSSS .2,QA.AA 3
01* m 01CALCIQA.AAPSA1
KRA a RRCALCIIOAPAAPSA3

C
C--INTERPOLATE To ODI101121 2 -11 AND ASSIGN CONRECTED VALUES---
C

IF I1ZZ212 91023 THEN
CALL SOYIRA WQ.SA,RR1212 1-191 *11212 1-1).

CSI11-IA122-136 2 -9
ELSE
CALL INTERPI RARA II 2)-Z9 I,01Ao,1121 2 1-2 9,SA,

C S19)ZAZXI29H.R 22-3
C 0122-951991,122-9
C IZZ-3

Ewo IF
C

4,C --- NO SHOCK. CONTACT SURFACE ON LEFT. 311*010 LIFT. JUMPS NODE--

ELSE1 IF'I(SHCK.EQ.100 I.AND.ICNTACT.EQ.231 )I THIN

CALL DELTAXI 2.SIGNAvXB.XA319
C
C ----- CHECK FOR A SHOCK INTERACTING WITH CONTACT SURFACE AT NOSE---
C

ifiS1OFAI1,21.QT.1X2129-42.00O*H199.ANO.ISIGMAi1,Z9.LT.
C 4XZ21-NI99 THEN

AA * A112121-11
QA a Q112123-1)

ELSE
C
C--EXTRAPOLATE TO LEFT FACE OF CONTACT SURFACE --
C

IF 112121.EO1.tl THEN
CALL NIOWRRI I I Q~1) PSI1)3,ARAPQQAPSAmAA,QA I

ELSE
CALL ETAIRI11919RI112- .Q 22- ,Q 22-9

.~m. C 5(121 23-13,S112123-2 ),XAI 2),H.RRA,01APSA,AA,QA 9
ENID IF
!No if

Se 0 7'(12121#11
CALL CSJADIIAA,QA.SAPSS,62,0S.ABI
011 a 01CALCIQS,AB,583

AM RRCALCIQS.ABSS5
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C
C - NEOLT TO NODEW12121I AMD A3SION CORRECTED VALUES--
C

IF 112121.14.N) THEN
CALL 1YRSSRI2(a )1,W itt tj IS1121 211,

ELSE
CALL ITRIMR122.)O01I)1,S

C 31121 2)#l lx3I2)'l x~I2.H.RRI1212)),
C E~l 121211,311242 Z),Al 112) l,Q4 1212 1))

END IF
C
C --- SHOCK ON LEFT, HEADED RIGHTP JUMPS NODE 141TH NO CONTACT--
C

ELSE IFIISHOC.E.321).ANQ.ICNTACT.EQ.100I) THEN
12(1) a NODE * I
CALL DELTAXI 12.SIGNlAoXBXA.H I

C
C ----- CHECK FOR A CONTACT SURFACE INTERACTING WITH SHOCK AT NORD---
C

IF(ISIMAIZ,2 . LT.IXE(I ).H I. AND.
C lSIGMAl2,Z1.GT.lX211)III THEN

AS aA412(111

ELSE
C
C--EXTRAPOLATE TO RIGHT FACE OF SHOCK --
C

IF IIZI1LEQ.Nl THEN
CALL ISDRYIRRIN1,OEIN,SINIlRS,EGSSS,ASQS)

ELSE
CALL EXTRAPRRII(11RRiIZI1I.1I,00(12(1 1IQQE1Zf1I*11l

C S& I211) 03SIIZI 1)*1) 01,4RSqSA.S'
END if

END IF
C
C -- CALCULATE VARIABLE CHANGE ACROSS SHOC--
C

CALL SLAI4PIASQS,StAR,DQVSG,01,N,AA,QASAI
OSA s EECALCfQA.AA,SAl
RRA s RllCALClGA.AAtSAI

C
C--INTERPOLATE TO NODEtI 2 1i-i I AND ASSIGN CORRECTED VALUES --
C

IF 11211).EQ.21 THEN
CALL USDRtYIRRADEOASARII11-11,WQ112)-11,

ELSE
CALL INTERPI RRA.NRI 12111-21,QQA,OQI 12111 -Z I SAP

C S(I21 11-2) pXAl 1), 1XAlI ).N),RRII12111-11,

END IF
C
C --- SHOCK ON RIGHT, HEADED LEFT. JUMPS NOCE WI1TH NO CONTACT SURFACE--
C

ELSE 1Ff ISHOCK.EQ.2311.AND.ICNTACT.EQ.1001 I THEN
12111 a NODE
CALL DELTAXI 12 ,SZGMA ,sX,XA ,W1
IFIISIG1A12 2 1. GT IXZIII-12.00OWH 1) AND.ISIGNAI2 .. LT.

C 1)(2111-H11) THEN
AA a A11241)-1i
QA v l V -
SA s S4 12411-11

E LSE
C
C --- EXTRAPOLATE TO LEFT FACE OF CONTACT SURFACE --
C
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IF IIZal).EI.1 THEN
CA.L BiNlyl R ! ,i 1 ,S ) ,Al ,S1 PSA,A .A .A)

ELSE
CALL IXTRAIM Et! l)-1 ) ,RR (21 1 I)-119,12111-11,UII Z11-2),

C S1 11)-1) PSI 124 1 -2 ) XAI 11,0lRASASAAAPA)
Be IF
END I F

C CALCULATE VARIALU CIHN11 OVER SHOCK ---
C

IFIZZI1).EQ.N-1) THEN
END IF

CALL SK..IP! AA.ASAARODVSGGLNASQSS I
C
C .--. 01ETIEIIE CORRECTED VALUES AT NOOE IZ 1111 AND ASSIGN THEM -----
C

IFIIZ I).EQ.N-1) THEN
END IF

RUB a QCALCI40,ABSglS
RN. 2 RRCALCIQSA&,Sgl

C ---- INTERPOLATE TO NOOE IIZ( 15l AND ASSIGN CORRECTED VALUES -----
C

IF 11211).EQ.N| THEN
CALL SDRYIRR SlS ,RRIIZ11IIB(IZih1lS1l),

J|C A1121111,Q(12t1i11

ELSE
CALL INTERPI RhSRR 121 11.11 ,SQQI III 11.1 ,SS.

C St 121 1 1)*, 11,XI1 )HI,Rai 2(l 1,
C QQiIZILI,$SIIZI1I),AIIZEI))QiI[Z!I)

END IF
END IF

C
C --- CHECK IF SECOND NODE NEEDS CORRECTING IF SO LOOP BACK AROUND ---
C

IFIMDNODE!II.EO.01 GO TO 40
NODE * RNOE(II
SHOCK RNOOE!Z)
CNTACT NOOE131
NOOEI1I a 0

GO TO 35
40 RETURN

END
C

SUSROUTINE DELTAXI 12SIOGA ,) ,XAH)
C
C
C U

C * LOCATE OISCONTINUITY WITHIN INTERVAL SUBROUTINE w
C U

C
C

DINENGION 12(43,SIUNAI4,3)SI*3,XA14),X214)
INTEGER 12
DOUBLE PRECISION SIG4A*XB,XA,HtX2
X1(i3 180. DO0
XZ (4160.000*' c

C --- CALCULATE DISTANCE NOCE TO RIGHT OF DISCONTINUITY IS FROM LEFT.--
C -.--- BUNDARY OF TUBE THEN DETERMINE DISTANCE FROM THIS NODE 121*1----
C ---- TO DISCONTINUITY AND DISTANCE FROM NOCE TO LEFT OF DISCONTINUITY-
C ---- TO THAT DISCONTINUITY ----
C

X2ii1 m DSLE(I(I21-1I * H
X111) a IXZII)-SIGMAIX4,21
XA4II a 1H-4B111

C
C ---- vCALCULATE SAE VALUES FOR CONTACT SURFACE -----
C
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xaf) a IXZ"l)*SII-l

XAi2| 1 IN-)5i|)
RfT-m.
gm

C
SUwUTx SK4JUI AON,41H SON*ATTO 06 LTIVSHQCK 6,6,1 PN,

C AUPtPo ,SUP I
C
C --

C
C SO JUMP S 4UROUTINE
C S

C
C
C ...... --- VARIABLE DEFINITIONS ------------

C
C ION - VARIABLE DGOITREAM OF SHOCK
C AATTO - SPEED OF SOUNO RATIO
C DELTAQ - VELOCITY JlP ACROSS SHOCK
C SU - VARIAISLE UPSTREAM OF SHOCK
C VSHMOCK - SHOCK VELOCITY
C

DOUBLE PRECISION ADN,gON,SON,ARATIO,DELTAQ.VSMOCK,G.G1,N,
C AUP ,UP ,SUP ,SAI sSAZ .UN ,UUP

C
C ----- CALCULATE THE SPEED OF SOUND CHANGE THRU S OCK -
C

AUP a AONSARATIO

C ----- CALCULATE THE ENTROPY CHANGE THIRU SHOCK --
. C

./ SAl a IG/9 IOLOGI2( .DOOGOI H*Z -G*1.DO0 1/1 G*.DO0 1)
S&l * G1.OLOGIIG-.000O51Hmw)1,I/IIG.1.DOO~i-Ii4.Zf))

SUP a SON - SAI - SAZ

C
C ----- CALCULATE THE VELOCZTY CHANGCE ACROSS SHOCK- ----
C

U.N a QON - VSHOCK
UUP a UON * ADLONELTAS
OUP a UUP * VSHOCK
RETURN
END

C
SUBROUTINE CS.RIP( ACN ,QON,SONS.P ,GZ ,QUP ,AUP I

C

C
C S CONTACT SURFACE JUP SUBROUTINE
C 0 6

C
C

DOUBLE PRECISION QUPQON,AUPADN, SUP ,SON,G2
C
C -----CALCULATE THE SPEED OF SOUNO CHANCE ACROSS THE CONTACT SURFACE---
C ---- NOTE: THE VELOCITY IS CONTINAOUS ACROSS A C.S.-----
C

AUP A AON S DEXP(ISON-SUP)/GZ)
RETURN
ENO

C
SLROUTINE EXITRAP!RRL,RRR,QQL,QQR,SL,SR,DX,OH,RRINTQQlNT,SINT,

C AINTQINT)
C
C *
C U EXTRAPOLATION SUBROUTINE
C *
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C
1111ALE PaCIsIWIm. .mulw Urn .Inin .11111 *O . MINT 1110IMT .SINT.

C &xm.Qlw
C
C ----- MDNM VAIISLIS AM EXTRAOLATED, AM* THE Cm hhSPOWING --
C -V-ALU12 FM VELOCITY £6 SHED OF SOUND AME CALCULATED --
C

Mer a Mi. - lox* Iml-MLI/ml
ouRIN mQ - lox a low-O.l/amp

SItW a SL. - I D 1 Ill-SL WON I
LINT a I MINT-MIT 1/I 2. DOOSIMTI
4INT a IIN1TRRINTi/I2.000l

"ETURN
END

C
SUROUTINE INTERPI ROL .RR,6 .61SL .SR Ox,OH. .RRINT ,QQINT, SINT.

C AIWTQINT I
C
C
C UINTERPOLATION SUBROUTINE
C
C -

C
DOUBLE PRECISION RRLRRR.QQL,QI.SL.SR,DXDH,RRINT,QQINT,SINT,

C LINT 9QINT
C
C - RIA VARIABLES ARE INTERPOLATED. AND THEIR CORRESPONDING---
C--VALUES Of VELOCITY AND SPEED Of SOUNDO ARE CALCULATED---
C

RUINT a RRL - IOX 0 IRRL-RRRI/DHI
MQINT a MQL - lox * IQQL-QQR i/OH
SINT a SL - IOX 0 (SL-SRI/DHI
LINT x IOQIKT-RRINT I/I Z.DO0aSINT)
QINT a I QQINT+RRINrT /2.00

RETURN
END

C
SLWGUTINE OSURSTINH,QQRRSGG1,G2,OELTI2,X2,N.AR,DQ,VS,

WLMPRESSIGMA.A .0)
C
C ~aaa*~
c
c DIAPHRAJI BURSTING SUBROUTINE
C
C * U *** ~
C

INTEGER N,19,I2,LSHKOIRtCSOIRvLNPRES
DIMENSION X2lRR(N),QQ(N),SIN),I2(4),SIGMA(4,2 ),AIN),QINI
DOUBLE PRECISION XZ,)C.H,AB.SASB.AA .QA.QB,QQA,Q05,RRA,RRB,SIGMA,

C RRQQ,S,TS.H,DQARPR,G,G1,G2,VSOELTCSRINAt
C Q,IRE IMPOREMt4PERE IINt,HW, SA, SA,SAPSBP, XBPXA

C
C *....LOCATING THE NODE TO THE RIGHT ........**
C

DO 10 La1,4
SIGMAIL l.ISIGIIAIL.2)
Y 30
XZH
182

11 IF (.NOT.IY.EQ.0)) GOTO 10
IF (SIGPA(L,13.LT.X) THEN

X2 L )=X
I21 L )z

'*1 YZ1
END IF

X=X+H
I121+11
COTO 11

10 CONTINUJE
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C
C .***44*CORRECT FOR DIAPHRAM BURSTING*......

~d. C
-------------TTC EODTRT~ ORC HC IETO

C---ATIEZRDEEMNCORCSHCDIETO---
C--- SUOIR a 3 IS 4 SHOCK HEADED LEFTv AND SHKDIR x 2 IS SHOCK --
C--TRAVELING RIGHT --
C

IF(LMPRES.EQ.31 THEN
A SHKDIR a 3

X2(1) a X211) -H
1211) x 12(1) I

X212) XZ22) H
I2(Z1 12(2) -1
GO TO 20

ELSE
* SHKDIR *2

END IF
C

20 RRARR21I-1)
RRB*RR 121 lii
QQA=QQI 121 )-i)
QQB=QQf 12 ( 1 ))
SA:Sf 12(l11-113
SS=S(I2l1))

21 A~sIQQ-RR)/l2.DO0*S8)
AAz(QQA-RRA 3/32.DOO*SA)
IF(SHKDIR.EQ.3) THEN

* HMREIMtN a (RRB-RRA)/AA
OREM z ABStMREIMt4J

ELSE
MREIMN a (QQA-QQB I/AB
DREMt4 = tREIMt4

END IF
C
C C--ITERATE FOR PROPER VALUE OF M USING THE QUADRATIC FIT OF THE---
C--REIMAN VARIABLE CHANGE WITH V CURVE, NOTE LEFT MOVING SHOCKS ----
C--ARE USED IN THESE EQUATIONS SINCE RRB-RRA/AA=-IQQA-QQB/AB)---
C

100 14*13.0396408001-(IDREHN.2. 7574000 3/0. 2863370001)
WmS.S13294D00-LSQRTI 34,)

* 0Q=2.DOO*t3*N-1.000)/tI*(G+..OO)fl
* AR=0SQRT12.00O3IG-1.00O)*I1.DO,+I(G-1.000)*W*H/2.OOO))*
*C (GNGZ*1*H-I.D0i)/((G+1.DOOI*HI

PR12.D0O*G/(G+1.033*W*H-(IG-1.00O)/(G+1.jOO))
DR2l (G-l.O0 *N*H+2.DOO I/CIG.1.DOO )*W*N)
EREIMNtDQ(AR-1.000)i*G2-IAR*Gl/G)*0LOG(PR*IDR**G 3)
IF (DABSIEREIC94-DABS(MREIMN)).LT.0.1D-5) GO TO 110
DREMtJ x (DASSMREIMtJ) - EREIttJ) + OREMN
GOTO 100

C
C--DETERMINE S BEHIND SHOCK AND THEN CALCULATE THE RIEMANN ---
C--VARIABLE CHANGE ACROSS THE CONTACT SURFACE --
C

110 SAl a G1/G)*DLOG((2.D000*G*lMww2)-G,1.DOO1/IG.1.000)i
SA2 z G1WOLOGEIIG-l.DOOI*IN**23.21/IIG,1.000ioh,*.2,,,
IFISHKDIR.EQ.21 THEN4 SAP = S8 SAl - SA2

SBP a SAP
ELSE

SBP a SA -SAI - SA2
SAP * SBP

END IF
103 IFISHKDIR.EQ.2) THEN

CSRMtN :I0EX(Pl(SbP-SA)/G,'liSA'- 76P Is&*
ELSE

CSRMN *I IEXP I SAP-S8 IGZ i o.8 - '4P I -AN
END IF
IF(SHKDIR.EQ.31 THEN

"wf. .0r


